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This thesis inspected the result of perception experiment and acoustic performance 
made by Italian students when learning Mandarin. Under the detailed analysis, we 
tend to master the status quo of the tonal pattern of Italian Mandarin learners with 
different language levels. 
The thesis could be generally divided into three parts. In first part, general literature 
reviews on the history and status quo of experimental study of Mandarin Chinese 
tones, tonal coarticulation, L2 tonal acquisition, and the bias of tonal acquisition 
have been elaborated. In second part, we concentrated on introducing the main task, 
design and methodology of both perception and production experiments. While in 
third part, statistical analysis of two experiments has been carried out.  
In perception part, for monosyllabic and disyllabic tones, the overall trend is that the 
higher level the subject belongs to, the higher accuracy of test result will be shown. 
But for disyllabic tones in context, this trend has been broken, that the advanced 
level manifested worse than intermediate level. In terms of production experiment, 
for monosyllabic part based on different-group discussion, we could conclude that 
subjects belong to higher level manifest better than those to lower level. But for 
disyllabic tones pronounced independently and in sentential circumstance, the 
situation becomes extremely complex. A unified conclusion could not have been 







1. A brief introduction of mandarin tones 
1.1 Mandarin Chinese 
Chinese is commonly classified as a sub-branch of the Sino-Tibetan language family; 
and Mandarin (simplified Chinese: 官话 ; traditional Chinese: 官話 ; pinyin: 
Guānhuà; literally: "speech of officials") which is the major part of Chinese 
language, is spoken by more than a billion people, not only in mainland China and 
Taiwan, but also throughout South-East Asia, as well as in other parts of the world, 
e.g. in the United States.1  
 
1.2  Tones in Mandarin Chinese 
All languages use pitch for different linguistic purposes such as intonation and tone. 
Tone is the use of pitch in language to distinguish lexical or grammatical meaning – 
that is, to distinguish or to inflect words2. Mandarin Chinese is a typical tonal 
language in that the pitch contour over a syllable can distinguish word meanings3. 
 
Mandarin Chinese has four different tones. At least five various transcription 
methods would be used, as chart 1 below 
 
Chart 1 5 transcriptions of Mandarin Chinese syllable 
 
 Tone 1 Tone 2 Tone 3 Tone 4 
Method 1 ba1 ba2 ba3 ba4 
Method 2 ba˥ ba ˦˥  ba ˧˩˧ ba ˥˩ 
                                                 
1 Crystal (2003: 312). 
2 Yip (2002: 2, 12). 
3 Duanmu (2007: 225). 
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Method 3 ba55 ba35  ba214 ba51 
Method 4 bā bá bǎ bà 
Method 5 bha bar baa bah 
 八 eight 拔 pull out 把 bundle 坝 dam 
     
Method 1 numbers the four tones from 1 to 4 for the convenient motive, but cannot 
reflect the detail of tones. Method 2 shows what is known as Chao letters, first 
introduced by Chao (1930) and later adopted by the International Phonetic 
Association4. The system is visually intuitive. The vertical bar on the right shows the 
pitch range, the straight and broken line on the left indicates pitch movement pattern 
relative to the pitch range. Therefore, T1 is a high tone, T2 is a rising tone, T3 is a 
declining-rising tone, and T4 is a fall tone. Method 3, which is a detailed numeric 
translation of method 2, can be called Chao digits5. The pitch range is generally 
divided into 5 levels, which 5 represents the highest pitch and 1 the lowest. Each 
tone is represented by a starting pitch and a final pitch, and a mid-pitch optionally. 
For example, [55] starts high and finishes high, so it is a high level. Tone [214] starts 
fairly low, then moves to the lowest point, and ends fairly high, so it is a 
declining-rising. Method 4 is a simplified version of method 2 and is mainly used in 
Pinyin. Method 5 shows the tonal transcription in National Romanization system6. It 
does not use separate diacritics for tone but encodes tone by spelling syllables 
differently. It has two merits: it uses Roman letters only, and it forces the learner, 
especially those who are not Chinese speakers, to remember tone as an integral part 
of the syllable instead of something extra that can be stripped away, as in the other 
systems7. However, in nowadays method 5 is scarcely adopted, not only it would 
confuse those who do not know the encoding rules, but it does not reflect the tonal 
mode. 
                                                 
4 Chao (1930: 24). 
5 Duanmu (2007: 226). 
6 Chao (1968: 29). 
7 Duanmu (2007: 26). 
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2. Literature Review 
2.1 A General Review of Stages of Experimental Study of 
Mandarin Chinese Tones 
Tones could be regarded as one of the prominent features of Mandarin Chinese. The 
origin of tonal research could date back from 1500 years ago. Until the Chinese 
linguist Fu Liu has finished his work ‘Record of Experiments on the Four Tones’, 
the essence of Mandarin tones has been firstly revealed under the experimental 
method. According to literatures we searched, the history of experimental study of 
Mandarin Chinese tones could be broadly divided into three different periods. 
 
First period, 1924-1936, has regarded as the origin phase of experimental study of 
Chinese tones. In this period, Fu Liu, Yuanren Chao, Changpei Luo, Li Wang were 
interested in using experimental apparatus on tonal research8. In 1922, Yuanren 
Chao has published ’Experimental method of Chinese Tonal Research’ advocated to 
adopt the modern way in Chinese linguistic study. In 1924, Fu Liu’s doctoral 
dissertation ‘Record of Experiments on the Four Tones’ has been published. 
Moreover, he also improved experimental methods, created Tonal Deducing Ruler 
and established the Laboratory of Phonetics and Prosody in Peking University. 
Furthermore, a small number of academic fruits have been publishing, such as 
‘Experimental Study of Tones in GuanZhong Area’, Li Wang’s doctoral dissertation 
‘Experimental Study of BoBai Accent’, ‘Experimental Study of Cantonese 
Pronunciation’, etc. 9 
 
Second period, 1937-1978. A handful of articles and treatises have been published. 
In 1959, Changpei Luo has finished the first phonetic and phonology textbook, 
                                                 
8 Song (2006: 41). 
9 See Song (2006: 42). 
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‘Outline of General Phonetics’, in which some recent research fruits and new 
experimental methods have been included. Zadoenko T.P., a Soviet Union linguist 
published ‘Experiment of the weak-stressed syllable and neutral tone in Chinese’ in 
1958. In his article, he applied Kymograph in research of the acoustic features of 
soft tone of Mandarin for the first time. In 1960, linguist and psychologist Zhi’an 
Liang concentrated in psychological linguistic research and firstly published the 
work on tonal perception research. Maocan Lin has trial-produced the Pitch Display 
and has applied in tonal study.  
 
Third period, 1979-. In this period, plenty of theories, methodologies and research 
fruits have been introduced in China and correspondingly various aspects of 
Mandarin tones have been started to study. In respect of treatise, ‘Experimental 
Phonetics’, one of the most influential book, written by Zongji Wu and Maocan Lin, 
published in 1989, has emerged. In terms of tonal research of various Chinese 
dialects, ‘Experimental study of tones of mono-syllabic and disyllabic words in 
Suzhou dialect’ written by Rongrong Liao (1982). ‘Experimental Analysis of tones 
of disyllabic words in Tianjin dialect’ written by Feng Shi (1986) could be regarded 
as the significant mark of the application of systematical experimental method in 
researching of basic tonal bearing unit. Jiangping Kong (2001) ‘On Language 
Phonation’ was the first treatise on physiological research of tones. In his work, he 
first employed Acoustic Impedance Meter and High-speed Digital Imaging devices 
(HSDI) in research of patterns of phonation and laryngeal dynamics. In 2006, Ping 
Wang and Feng Shi have published their work, ‘A statistic analysis of the tones in 
Beijing Mandarin’ which has been widely considered as the important model of the 
experimental study of tonal pattern on mono-syllabic and disyllabic words.  
10 
 
2.2 A General Review of Achievements of Experimental Studies of 
Mandarin Chinese Tones 
Modern phonetic research could be generally classified into three types: acoustic 
study, perceptional study and physiological study. And a range of other research 
areas were also included such as speech technology, speech therapy, voiceprint 
identification, etc. The experimental study of Mandarin Chinese tones was one of 
the significant part of phonetic research. In nowadays, a large amount of research 
outputs in respect of acoustic study and perceptional study could be found. But the 
aspect of physiological study is relatively weak.  
 
2.2.1 Acoustic Studies of Mandarin Chinese Tones 
2.2.1.1 Acoustic Studies serving to Phonology 
Acoustic studies serving to phonology indicates to confirm the tonal pattern and tone 
sandhi model by means of adopting the experimental apparatus. Beginning from the 
monosyllabic study, Kymograph was used to portray tonal contour curves in early 
phase. In 1924, by using this method, Fu Liu investigated monosyllabic tones of 
twelve different dialects. He pointed out that the essence of tones was the height of 
voice frequency. And this could be seemed that the tonal research of Chinese has 
accessed into the phase of study adopting experimental apparatus. In 1934, Dizhou 
Bai has done the similar analysis to thirty-nine different dialectical points in 
Guanzhong area by using the same method, and has also drawn the tonal curves.  
 
In 1960s, Maocan Lin has trail-produced the Pitch Display. In his article ‘Pitch 
Display and Pitch Feathers of Mandarin Tones’, the author has discovered the 
existence of offset-section and onset-section on tonal contours. And only the contour 
11 
 
without these two sections remained the pitch information. Furthermore, the average 
pitches and the lengths of Mandarin tones have also been displayed. 
 
Zongji Wu, one of the significant linguist who devoted himself to the research of 
tonal sandhi pattern of Mandarin Chinese, has firstly discovered that in Mandarin 
Chinese it existed sixteen different combinations of the tonal type of disyllabic 
words, but only fifteen combinations of tonal sandhi patterns could be found10. 
Moreover, the rules of tonal sandhi patterns of trisyllabic and tetrasyllabic words 
have been revealed in succession11  
 
Feng Shi，Rongrong Liao (1994)12 has put forward two significant notions, tonal 
pattern and acoustic space of tones. In their words, tonal pattern could be considered 
as tonal distribution of all monosyllabic words in a certain language or dialect. 
Inspired by vowel chart, he has also proposed the ‘acoustic space of tones’. In tonal 
pattern, each tone does not present itself as the simple line, but a banded acoustic 
space. Only one of the tonal contour being located in this space could guarantee the 
differentiation between the other tones. Based on this theory acoustic space charts of 
tones of Beijing and Tianjin dialects have been successfully drawn.  
 
After the publication of Rongrong Liao (1982) ‘Experimental Analysis of tones of 
disyllabic words in Tianjin dialect’, the experimental study of Chinese dialectical 
tones has become an invoked topic. Feng Shi et al. have founded patterns of 
monosyllabic tone and tone sandhi of various of Chinese dialects under the adoption 
of experimental methods.  
 
                                                 
10 Wu (2004: 135). 
11 See Song (2006: 42). 
12 Shi, Liao (1994: 21). 
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In 2001, Experimental research of tones of Wu Dialect13 has been published. Based 
on the adoption of CSL4300B Sonagraph and systematic research of fifteen different 
sub-dialects of Wu, the authors have given out frequency parameters and tonal 
length parameters of every dialectal point and have drawn the tonal contour chart of 
monosyllabic and disyllabic words as well. It was the first time to do the tonal 
research of an entire dialectal area by using the sonagraph and has laid the 
foundation of large-scale experimental study of Chinese dialects14.  
 
The doctoral dissertation of Xiaonong Zhu, ‘An Experimental Study in Shanghai 
Dialect’ has been published in 2005. In this book, the author worked out the patterns 
of monosyllabic and disyllabic tones on account of large-sample statistic. More 
important, he also discussed the different methods of F0 normalization in F0 data 
analysis.   
2.2.1.2 Phonetic Study of Mandarin Chinese Tones 
There are three elements involved in phonetic study of tones: height, length and 
intensity. 
2.2.1.2.1 Tonal Height 
Under the research of tone sandhi of disyllabic words, Maocan Lin et al. (1980)15 
have discovered two completely different types of tone 2: high-rising and 
high-declining-rising. In most cases people would not perceive the declining part of 
the second type. And in the same way, the pitch contour of first tone 3 syllable in 
‘tone 3+tone3’ combination has also two types: high-rising and high-declining-rising. 
It was quite hard to distinguish the two variations of tone 2 between those of tone 3.  
                                                 
13 You, Yang (2001: 99). 
14 See Song (2006:42). 
15 Lin (1980:1). 
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2.2.1.2.2 Tonal Length 
On account of the study of tonal length of Pekinese, Long Feng (1985)16 has found 
that tone 2 was the longest, and the other three tones displayed the basically same 
length. In the final part of sentence, the length displayed as follow: tone 3＞tone 2＞
tone 1＞tone 4.  
2.2.1.2.3 Intensity 
Few research fruits of intensity could be found in China. Research showed that not 
many obvious differences of tonal intensity of Mandarin Chinese have been brought 
out. Tone 1, tone 2 and tone 4 displayed as ‘pre-intense’ or ‘mid-intense’ modes, 
whereas tone 3 were mainly shown as ‘bi-peak’ mode.   
2.2.1.3 Studies on Light Tones (Neutral Tones 轻声) 
In Mandarin Chinese, besides the four lexically distinctive tones, there exist a 
number of items being described as light tone or neutral tones. Compared with the 
four tones we discussed before, light tone does not distinguish the different lexical 
meaning it self, but present as some non-lexical meanings. Typical examples include 
grammatical morphemes (e.g. the genitive/nominalizer marker ‘de’ in a), lexical 
items (‘li’ in b), diminutive terms (‘mei’ in c), and reduplication (the second ‘xiang’ 
in d). (Syllables without tonal marking indicate neutral tone.) 
(a) hǎode 好的 ‘something good’ 
(b) bōli 玻璃 ‘glass’ 
(c) dìdi 弟弟 ‘brother (diminutive)’ 
(d) kànkan 看看 ‘to look (for a little while)’ 
The common ground of these syllables is that they do not occur in initial positions 
and their F0 contours are much less consistent than those of the full-tone syllables17. 
In fact, their F0 phonetic realization has been considered to be totally dependent on 
                                                 
16 Feng (1985: 132). 
17 Chen, Xu (2006: 47). 
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the tone of the preceding syllable, as described impressionistically in the literature 
(e.g. Chao (1968)). Early acoustic studies also confirmed that the F0 contour of the 
light tone changes according to the tone of the preceding syllable18. The contextual 
dependency of the light-tone F0 contour and the fact that most light-tone morphemes 
have full-tone alternates have led to the general consensus that there are no 
phonological specifications for the light tone (however, see Yip (1980) who posits 
that the light tone is specified for [-upper] register and Lin (2001) who posits a low 
tone for the light tone). 
 
Concentrated on phonetic study, two different opinions of the light tone in Mandarin 
Chinese could be concluded: one is to regard light tones as one of the specific tonal 
type, or named neutral tone. The other deems the light tone been classified as the 
stress category, namely weak stress.  
 
In the article ‘Review of Mandarin Neutral Tones in 20th Century19, the author 1) 
indicated that intensity could not been regarded as the essential attribute; 2) 
proposed that intimate connections between light tones and tonal length and pitch 
could be found; 3) pointed out that the pitch of light tones had manifested as a curve 
rather than a point under the classical point; and 4) verified the concomitant 
variation between light tonal syllables and neutralization of vowel, as well as 
unaspirated stop and voiced affricate. Moreover, the pull-out of nasal coda always 
took place in light tonal syllable. 
 
Lastly, on the problems of 1) which should be seemed as the primary feature 
between length and pitch and 2) the role of light tonal pattern on identifying the light 
tone, there existed the divergence between Tao Lin and Jianfen Cao20. Tao Lin 
considered that in virtue of the obvious significant function of tonal pitch on 
                                                 
18 Lin, Yan (1980: 166). 
19 Liu (2002: 43). 
20 See Cao (2002: 195). 
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meaning distinction, variations of the length of light tones should be supposed to the 
dominant factor on light tone identification. Whereas Jianfen Cao held the opposite 
view. She argued that both length and pitch were the important elements on light 
tone formation, but pitch was more prominent and tonal pattern probably exerted an 
important impact on auditory recognition of light tones.  
2.2.1.4 Intonation 
Pitch contours in non-tonal languages such as English and Italian are called 
intonation. The difference between intonation and tone is that tone distinguishes 
lexical meanings, whereas intonation presents syntactic or contextual meanings.21 
However, ignoring their functions, tone and intonation can be represented with the 
same phonological features. According to M. Liberman (1975), Pierrehumbert 
(1980), etc., intonation in English can be represented by a linear sequence of ‘pitch 
accents’ and ‘boundary tones’, which in effect is a sequence of H (high) and L (low) 
tones. This approach essentially treats intonation and tone as the same thing. The 
approach has also been applied to pitch accent languages such as Japanese 
(Beckman and Pierrehumbert (1986))22. 
 
In terms of the relation between intonation and tone, there exist two different views. 
As adherents of Chao (1933, 1968), many Chinese researchers such as Ziyu Xiong 
(2003)23 and Maocan Lin (2004)24 considered that the intonation was the result of 
overlying of lexical tone. In detail, two major ways were displayed to construct a 
tone-intonation combination over a segment: one is ‘successive addition’, where a 
rise or a fall is added to the end of an utterance; this is similar to a boundary H or L 
in English.  
                                                 
21 Duanmu (2007: 250). 
22 See Duanmu (2007: 250). 
23 Xiong (2003: 117). 
24 Lin (2004: 57). 
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Two examples are shown as Chart 2 below25. Strictly speaking, the resulting syllable 
will be lengthened in order to carry an extra tone. For simplicity the lengthening is 
not shown. 
 
Chart 2 Successive addition of intonation 
1) 
Tone             Intonation 
LH                + L          → LHL 
nan                                nan 
‘difficult’          ‘affirmation’    ‘Surely difficult!’ 
2) 
Tone             Intonation 
HL                + H          → HLH 
Mai                                mai 
‘sell’              ‘question’         ‘Sell?’ 
 
In 1) the tone of [nan] (difficult) was shown as LH and the final intonation L carries 
an affirmation meaning. When the two are added, the result is a rise–fall (LHL) tonal 
pattern. In 2) [mai] (sell) has the HL tonal pattern and the final intonation H carries a 
question meaning. When the two are added, the result is a fall–rise (HLH). 
 
The second way of addition is called ‘simultaneous addition’, where intonation is 
superimposed on word tones. As a result, the pitch range of an utterance is raised, 
lowered, expanded, or compressed. Simultaneous addition is supported by the 
phonetic studies of Jiong Shen (1994); Zongji Wu (1996, 2004); Jianfen Cao (2002, 
2010), who found that the question intonation raises the pitch height of the entire 
utterance, without changing the distinctiveness of word tones26. 
  
                                                 
25 Chao (1933: 131). 
26 See Duanmu (2007: 251). 
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2.3 Studies of Tonal Coarticulation of Mandarin Chinese 
It has been widely agreed that the study of tonal coarticulation of Mandarin Chinese 
has been regarded as the research highlight from the late 20th century 27 . 
Coarticulation could be defined as the influence from one segment to another28. And 
tonal coarticulation is mainly presented as the interact between the height or even 
the pattern of F0 of adjacent tonal load unit: syllables. Many researches illustrate 
that tonal coarticulation occurs across languages. According to the review from 
Xiaonan Susan Shen (2011)29, from the hitherto studies on tonal coarticulation in 
Vietnamese (Han and Kim (1974)), Thai (Abramson (1979)), Taiwanese (Cheng 
(1968)), and Mandarin Chinese (Shih (1987), Shen (1990a)), it has been known that 
coarticulatory effects are presented in all these languages. The vibration of the vocal 
folds in phonation determines tones. The rate of the vibration depends on a number 
of interdependent factors: (1) the mass of the vibrating part of the vocal folds; (2) the 
tension in the vibrating part of the vocal folds; (3) the area of the glottis during the 
cycle, which determines the effective resistance of the glottis and the value of the 
Bernoulli effect in the glottis; (4) the value of the subglottal pressure; and (5) the 
damping of the vocal folds30. Tonal coarticulation is due to the interaction of factors 
(2), (3), (4), and (5). We hypothesize that in connected speech, when no pause is 
inserted, larynx is unable to reset to produce an approximation of the contours for 
tones in isolation due to the rapid change of the vibration rate of vocal folds between 
contiguous tones; the vibration rate is adjusted, therefore, to accommodate the 
physiological constraints in phonation, hence, tonal perturbations. The basic 
properties of the human larynx are similar for all human beings, irrespective to their 
language; any physiological constraints on phonation operating on any one larynx 
will also operate on all other normal larynxes.  
                                                 
27 Xin (2007: 4). 
28 Shen (1989: 61). 
29 Shen (2011: 141). 
30 Lehiste (1970:54-55) 
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The motive of the emergence of coarticulation is to facilitate or to clarify the 
pronunciation. ‘Clearness and facilitation are the two principles in the flow of 
speech.’31 But to the specific representation of coarticulation, multiple conclusions 
have been achieved by different researchers. Xiaonan Shen (1992)32, whose article 
has been regarded as the first study on the coarticulation of Mandarin tones, argued 
that tonal coarticulation and segmental coarticulation were generally the same. And 
the essence of them was assimilation. Tonal coarticulation should be bidirectional 
and only two adjacent tones as well as its height of F0 could be affected. However, 
the direction of F0 would remain impervious. On the contrary, in the investigation of 
pronunciation of tone 2 in Mandarin Chinese by foreign students, Maocan Lin 
(1992), Maocan Lin and Jingzhu Yan (1993) argued that tonal coarticulation was 
mono-directional and would not change the characteristic of tone itself. While the 
negative influence would only influence the final part of tonal contour.  
 
With regard to the discrepancy above, Yunjia Wang (1997)33 assumed that it would 
be related to uttering materials adopted in the investigation. Hence, in her study a 
series of both meaningful and meaningless disyllable words have been designedly 
selected to discuss the performance of tonal coarticulation by analyzing the bias of 
tone 2 acquisition of Japanese students. The result showed that in disyllable words 
of Mandarin Chinese, tone 2 influenced by backward coarticulation could be seemed 
as the result of dissimilation. The final part of tone 2 displayed highest before a low 
tone 3, less high before a middle-initial tone 2, and lowest before a high-initial tone 
1 and tone 4. 
 
Moreover, Maocan Lin, Jingzhu Yan (1994)34 has studied the coarticulation in some 
specific syllables. He argued that in syllable as ‘zero onset with nasal coda’, all the 
                                                 
31 Shi (1986: 77). 
32 Shen (1992: 90). 
33 Wang (1997: 94). 
34 Lin, Yan (1994: 12). 
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rhythm part would be influenced by the tone: tone 3 would prolong the vowel as the 
longest one, vowels under the effect of tone 2 took the second place, vowels of tone 
1 and tone 4 displayed as the shortest. In terms of the nasal coda, the length of nasal 
coda of tone 1, tone 2 and tone 3 was generally the same, but all of them were longer 
than that of tone 4. If we concentrated on the whole syllable, syllable of tone 3 
expressed the longest compared with the other three tones. 
2.4 A General Review of L2 Tonal Acquisition 
In the last ten years, numerous research findings on tones of Mandarin Chinese as 
the Second Language Acquisition have been reported. Generally, from the point of 
view of methodology, they could be divided in two different types of study: 
experimental and experiential.  
2.4.1 Experimental Studies on Tonal Acquisition 
Experimental study would be propitious to the verification on the existed theoretical 
assumption. It means that data could be collected through artificial handling or 
interference. During the process of data collection some variables should be 
controlled35. In experimental study, two major quantitative research methods have 
been extensively adopted by researchers. One is the analysis of the recorded data of 
F0 by using acoustic analyzing software such as PRAAT etc. (Maolin Wang (2006), 
Yaning Xin (2007), Xiao Cheng (2011), Weijing Sui (2012), Min Su (2013), Yi Yang 
(2013), etc.). The other is the tonal analysis through computer simulation (Mo Chen, 
Jianqin Wang (2010), Mo Chen (2011), Feifei Li (2013), etc.). The experimental 
method of this research tends to find that a certain learning strategy of different 
tonal-syllabic combinations will be more effective and efficient than other strategies 
by using the prepared data of speech synthesis.  
                                                 
35 Wang (2003: 61) 
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2.4.2 Experiential Studies on Tonal Acquisition 
Compared with the experimental study, experiential study has occupied the majority 
part of tonal acquisition research36. Conclusions are achieved via teaching tasks and 
personal experience, and the accuracy would be remarkably affected by the 
knowledge background, dialectal regions of researchers. 
2.4.3 Theories Used in Tonal Acquisition Research 
On the other hand, from the point of view that theories adopted in the study of Tonal 
acquisition, in recent years, a series of theories intrigue the researcher: Interlanguage 
Theory, Perceptual Assimilation Model, Speech Learning Model (SLM), etc. 
 
Interlanguage theory is often credited to Larry Selinker (1972), who coined the 
terms "interlanguage" and "fossilization." Uriel Weinreich is credited with providing 
the foundational information that was the basis of Selinker's research. In tonal 
acquisition field, Language Transfer Theory, which is an important part in the 
development of Interlanguage Theory, has been employed by researchers, and been 
transferred into China in 1980s37. It has also been deemed as an important origin of 
the interlanguage production, especially in the beginning learning stage, but not the 
only origin. Generalization of target language rules, different levels of the teacher, 
and the inappropriateness of language practice tend to be regarded as other 
important origins of the production of interlanguage phonetic system38. For example, 
the negative transfer of L1 plays a significant rule in the process of L2 acquisition39. 
It is widely believed that the main reason brought about the so called ‘foreign 
accent’(洋腔洋调) of foreign learners is the interference and influence of learners’ 
                                                 
36 Yang (2015: 135). 
37 See Shi (2006: 15). 
38 Xin (2007: 3). 
39 Yi, Liang (2010: 77). 
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native speech system. L1 of learners, no matter tonal or non-tonal language, will 
impact the result of tonal acquisition of Mandarin Chinese. For learners of non-tonal 
L1, they would be markedly influenced by the prosodic property, the pitch variation 
mode of words and phrases and the word stress mode, and also be inclined to 
transfer these phonetic features into the target language. Therefore, phonetic errors 
which do not accord with the tonal variation mode of Mandarin Chinese emerged. 
The American students of beginning level, who was in the first three months of 
Mandarin learning, have the obvious difficulty to pronounce the tone contour, 
especially the tone 340. For learner of tonal L1, Thai adult learners have the difficulty 
of Tone 1 and Tone 4 acquisition: they cannot reach the [55] height of Tone 1 
compared with the Mandarin L1 speakers and lengthen the syllable of Tone 441.  
 
Apart from the transfer theory we have reviewed, other theoretical models have 
proposed that the acquisition of L2 sounds is mainly determined by the degree of 
similarity between the sound categories of the L2 and their L1. For example, the 
Perceptual Assimilation Model (PAM: Best (1995)) and its extensional use to 
L2-learning (PAM-L2: Best and Tyler (2007)) consider the degree of a listener to 
distinguish contrasts between non-native sounds which can be predicted by how 
these sounds are associated with L1 categories. It will be quite easy to acquire and 
clear to distinguish an L2 contrast that closely matches a contrast in a listener’s L1. 
In comparison, if an L2 contrast does not match perfectly with an L1 contrast (e.g. 
two L2 sounds are assimilated into one L1 sound category), it might lead to 
difficulty in distinguishing and acquiring this contrast. Another model, which is 
named Speech Learning Model (SLM), posits that the learnability of an L2 sound 
depends on the extent to which that L2 sound is classified as equivalent to an L1 
sound (Flege (1987, 1995, 1997, 2007)). Learners tend to construct new phonetic 
categories for L2 sounds that are clearly different from all L1 sounds, and achieve 
native-like accuracy in production and perception of such sounds after sufficient L2 
                                                 
40 Wang (2006: 70). 
41 Wang, Zhang (2013: 109). 
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experience. In contrast, for L2 sounds that are similar to some L1 sounds, learners 
are likely to rely on their existed L1 phonological categories. Hence the accuracy of 
their sound perception and production is impeded by interference from L1 
phonological categories.42  
2.4.4 Reviews of L2 Tonal Acquisition 
According to literature on perception of non-native tones by speakers of both tonal 
and non-tonal L1s, three general research findings could be summarized, namely 
that speakers of tonal L1s perform better, speakers of tonal L1s perform worse, and 
the speakers of tonal and non-tonal L1s do not markedly differ in the overall 
accuracy of their perception but have different specific confusion patterns.  
 
Wayland and Guion (2004)43  examined native Mandarin Chinese and English 
speakers to distinguish and categorize a pair of Thai tones which was regarded as 
difficulty even for native Thai speakers. The Mandarin Chinese group showed 
remarkable improvement after training, in comparison, the English group did not 
display any improvement in discrimination and showed only very slight progress in 
categorization. They concluded that speakers who speak a tonal language as their 
mother tongue might have an advantage over those of non-tonal L1s in learning to 
perceive tones in an L2. While in some other studies, Gandour (1983)44 by using 
multidimensional scaling, examined tones by listeners of four tonal languages, 
including Mandarin, Cantonese, Taiwanese and Thai, as well as by those of 
non-tonal language, English. He found that English learners attached more 
importance to the height and less to the contour dimension of F0 than did listeners of 
most tonal languages. Gandour claimed that since English does not have contrastive 
tones and contour, English learners put their attention almost exclusively to the F0 
                                                 
42 The introduction of tonal acquisition model sees Yang (2014: 85). 
43 Wayland, Guion (2004: 690). 
44 Gandour (1983: 154). 
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height of stimuli. Lee, Vakoch, and Wurm (1996)45 extended this research using a 
tonal distinguish task. They compared Mandarin, Cantonese, and English speakers’ 
ability to distinguish both Mandarin and Cantonese tone pairs, and found that for the 
task of discriminating Mandarin tone pairs, Mandarin speakers performed better 
than the Cantonese speakers (probably because it was their native language), while 
Cantonese speakers, in turn, performed prominently better than the English speakers, 
reflecting that Cantonese speakers’ experience with lexical tones provided them with 
an advantage over English speakers. However, for the task of discriminating 
Cantonese tone pairs, both Mandarin and English speaker groups equally display 
significantly worse than their Cantonese-speaking counterparts. From this, the 
authors concluded that a tonal L1 might only convey an advantage in discriminating 
L2 tones if the L1 tonal system is more complex than that of the L2, as is the case 
for Cantonese speakers trying to discriminate Mandarin tones. 
 
However, in other studies, speaking a tonal L1 has been found to negatively affect 
the perception of L2 tones. For example, Wang (2006)46 compared accuracy in 
identifying Mandarin tones by beginning learners of three different L1s: Hmong (a 
tonal language), Japanese (a pitch-accent language), and English (a stress language). 
In this study, while Japanese and English speakers performed broadly the same, the 
Hmong speakers performed significantly worse than either of the other two groups. 
The author inferred that the tonal system of Hmong speakers’ L1 may have 
interfered with their perception of the Mandarin tonal system, hindering them in 
acquiring Mandarin tones. 
 
In addition to the findings above, some studies have reported that speakers of tonal 
and non-tonal L1s do not differ in their overall rate of accuracy in perceiving 
non-native tones47. Rather, speakers of tonal and non-tonal L1s show different 
                                                 
45 Lee et.al. (1996: 536). 
46 See Jongman et.al. (2012: 214) 
47 See Hao (2012: 270). 
24 
 
specific patterns of tone confusions. So (2006) 48  examined identification of 
Mandarin tones by L1 speakers of Cantonese and Japanese, and found no significant 
difference in the two groups’ overall rates in correctly perceiving Mandarin tones. 
However, the Cantonese speakers confused Mandarin Tone 1 and Tone 4 
significantly more than Japanese speakers, while Japanese speakers confused Tone 2 
and Tone 4 more often than speakers of Cantonese. In the study of Francis, Ciocca, 
Ma and Fenn (2008)49, speakers of Mandarin Chinese and English were trained to 
identify six tones of Cantonese. Before training, the two groups had difficulty with 
similar tones, and after training, both groups made progress on almost all six tones, 
and their overall performance was comparable. However, there were significant 
group differences regarding which tones showed the most substantial improvement. 
Thus, based on the two studies above, even if speakers of tonal and non-tonal L1s 
may not always differ significantly in their overall accuracy in perceiving non-native 
tones, they are likely to differ in the specific tonal confusions. 
 
In a word, studies examining the perception or learning of non-native sounds often 
aim to predict perceptual and learning difficulty50. 
2.5 Studies of the Bias of Tonal Acquisition 
2.5.1 General Instruction 
T. Lin (1996) said: ‘The formation of foreign accent does not attribute to the initial 
(onset part often made up by consonant and occasionally vowel) and final (nucleus 
and coda), but to tones and some higher phonetic levels’51. It has already reached an 
agreement that there are various bias on mandarin Chinese acquisition, especially 
those about tonal acquisition, by foreign learners, and it has been widely agreed by 
                                                 
48 See Li (2011: 6). 
49 See Huang et.al. (2016: 765). 
50 Hao (2012: 269). 
51 Lin (1996: 20). 
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teachers who teach Mandarin Chinese to foreigners that the bias of tonal acquisition 
could have been attributed to various reasons, for example phonetic feathers of L1, 
physiological and psychological mechanism of pronunciation of Mandarin tones, the 
restriction of language acquisition process, etc.  
2.5.2 Types of Bias of Tonal Acquisition 
Borong Huang and Xudong Liao (2002)52 displayed an analysis of Mandarin tones 
from two aspects, tone pitch and tone category. Tone pitch, which has been 
constructed and identified by F0 and reflects the practical pronunciation of a certain 
tone, indicates the height, length, and sliding tendency and other variations of tones. 
While tone category is the type of tones, which is artificially categorized a series of 
tone bearing units (syllable in Mandarin Chinese) obtained the common tone pitch 
feature.  
2.5.2.1 Biases of Tone Category 
Biases of tone category means the incorrect pronunciation of pitch contour of a 
certain tone category. For example, in the investigation of tonal acquisition of 
Korean students, tone 2 (a rising tone) has been randomly pronounced as tone 1 
(high tone), tone 3 (declining-rising tone) and tone 4 (falling tone)53. Vietnam 
students tended to pronounce tone 1 as tone 4, and tone 3 as an incomplete tone 
(declining tone)54. Thai students were difficult to reach the height of tone 1 as the 
Mandarin native speaker, and they preferred to prolong the pronunciation of tone 4 
55. And Russian and Nepalese students always pronounced tone 2 as tone 356. To 
explore the reason, Liu Yang (2009) concluded that tone 1 is a high-level tone and 
tone 4 is a total-falling tone. And students have less difficulty in learning these two 
                                                 
52 Huang, Liao (2002: 28). 
53 Feng, Hu (2005: 66). 
54 Wu, Hu (2004: 81). 
55 Guan (2012: 21). 
56 Xu (2006: 65). 
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tones since they are both high-initial tones. Whereas both tone 2 and tone 3 are 
low-initial and high-ending, students have the confusion on the final point of each 
tone. At this point, Tao Lin, Lijia Wang (1986) 57  have given us a further 
interpretation. They argued that the pattern of tone 2 and the first half of tone 3 were 
generally the same and this would cause the confusion of tone 2 and tone 3 
utterances. For the confusion of tone 1 and tone 4, they explained that both the peak 
of tone 4 contour and tone 1 remained the same height. The declining rate (slope) of 
tone 4 is accelerated, being closed to parabola, from slow to steep.  
2.5.2.2 Biases of Tone Pitch 
The four pitches of Mandarin Chinese are tone 1 (阴平, [55]), tone 2 (阳平, [35]), 
tone 3 (上声, [214]), tone 4 (去声, [51]) respectively. In the aspect of bias of tone 
pitch, acquisition of tone 2 and tone 3 intensively showed the problem.  
 
Although the pitch curve of tone 2, rising, is quite simple, the pronouncing difficulty 
still remains because students hardly master the initial point―either too low or too 
high. Liping Feng, Xiumei Hu (2005)58 has shown their interpretation based on the 
experimental study of the pronunciation pattern of Mandarin two-syllabic words 
with tone 2 for Korean beginning learners, that since the variation of pitch domain 
of tone 2 ([35]) is quite limited compared with tone 3 and tone 4, and its final point 
has almost reached the peak of natural language pronunciation of human beings, 
learners can basically grasp the initial point but hardly reach the corresponding 
ending point when they pronounce this tone.  
In the comparative research of tonal acquisition between English and Mandarin 
speakers, Yang (2016)59 argued that due to the similarity between tone 2 and tone 3, 
the confusion between these tones is not surprising. In his experiment, the bias 
                                                 
57 Lin, Wang (1992: 36). 
58 Feng, Hu (2005: 67). 
59 Yang (2016: 33) 
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analysis of tonal pronunciation between intermediate and advanced learner groups 
shows that tone 3 tended to be produced as tone 2 in both learner groups, whereas 
tone 2 tended to be produced as tone 3 more frequently in advanced group only. 
Then he indicates that the error patterns of tone 2 and tone 3 suggest that the 
confusion between tone 2 and tone 3 may be one directional, in other words, tone 3 
tended to be produced as tone 2 and not the other way around.  
More example of tone 2/tone 3 confusion could be found. In the research of Spanish 
Mandarin learners by He (2009), tonal curves of tone 2 and tone 3 are generally 
equal, which could be considered that they produced these two tones similarly. In 
perception experiment, the accuracy rate of tone 2 is obviously lower than other 
three tones. Spanish learners tend to pronounce tone 2 as tone 1 and tone 3, which 
the latter is more frequent. However, few of them produces tone 3 as tone 2, which 
the result is exactly the opposite to Yang’s. 
Moreover, the investigation to Japanese Mandarin learners by Cao and Li (2007), to 
Thai and American Mandarin learners by Xue (2013), and to Russian Mandarin 
learners by Cheng (2011) etc. show the same confusion between tone 2 and tone 3 
perception and production. Here, we could find that both perception and production 
between tone 2 and tone 3 would be the prominent difficulty in non L1 Mandarin 
learning. And in the third part of this thesis, both the perception and production 
experiments also display the confusion of these two tones.   
In terms to the experience of the author, we found the majority of Italian Mandarin 
learners has difficulty on tone 2 and tone 3 perception and production; and this has 
been verified in our following discussion.  
And for tone 3 problem, the contour tone pattern which consists of two different 
parts in terms of tonal slipping direction has also been regarded as the aporia of 
acquisition. According to the analysis of tonal acquisition bias of Vietnam students 
by Menji Wu, Mingguang Hu (2004), because tone 3 is a two-part and falling-rising 
tone, Vietnam learners in most cases cannot reach the final 4 level of the second part 




3. Experimental Analysis of Monosyllabic and 
Disyllabic Tones by Italian Adult Learners 
3.1 Main Tasks of the Experimental Research 
The variety of the situation of tonal acquisition by non-Mandarin learners and the 
lack of tonal acquisition research of Italian learners would be the motivation of this 
thesis. We attempt to realize the tonal-acquisition situation of Italian adult learners 
and to explain the difference between the Italian and Mandarin-speaker 
pronunciations. For details, 
1) describe the representation in terms of acoustic and acquisition bias of tones of 
monosyllabic and disyllabic words; 
2) compare the difference of tonal acquisition of Italian learners with different 
learning stages; 
3) compare the difference between the Italian and Mandarin-speaker 
pronunciations; 
4) analyze experimental results from the point of view of sociolinguistics and 
second language acquisition and discuss the relative factors which cause the 
acquisition bias.  
3.2 Experimental Design and Methodology 
3.2.1 Experimental Design 
3.2.1.1 Sample Design and Selection 
3.2.1.1.1 General Information of the Content of Word Table 
Before the laboratory analysis, two investigational word tables, production and 
perception, have been created (See Chapter 6: Appendix). In general, three subparts 
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are included each experiment: monosyllabic words, independent disyllabic words 
and disyllabic word in a sentence. 
 
In first part, four different groups of monosyllabic words have been classified 
corresponding to four different lexical tones in Mandarin Chinese. In each group, 
five monosyllabic words, which are formed by consonantal initial and a rhythm part, 
are shown.  
In second part, for the sake of exhausting all the combination possibility, four 
different groups with the first syllable of each word tone 1, tone 2, tone 3 and tone 4, 
are created. Whereas in each group only the second syllable of each word will be 
changed from the first to the forth tone. In each tonal match two example are 
included. The mode of this part will be shown as follow. For convenience and 
clearness, we will use numeric to indicate each tonal category and word lists are 
presented in Appendix: (for example 1+2 means the disyllabic word with the first 
syllable tone 1 and the second tone 2)  
Group 1:  1+1, 1+1 (different word from the previous one, similarly hereinafter) 
         1+2, 1+2 
         1+3, 1+3 
         1+4, 1+4; 
Group 2:  2+1, 2+1 
         2+2, 2+2 
         2+3, 2+3 
         2+4, 2+4; 
Group 3:  3+1, 3+1 
         3+2, 3+2 
         3+3, 3+3 
         3+4, 3+4; 
Group 4:  4+1, 4+1 
         4+2, 4+2 
         4+3, 4+3 
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         4+4, 4+4. 
Therefore, 4*4=16 different tonal combination possibilities are finally included.  
In third part, the mode will be almost the same as the second. The only two 
differences are that 1) the disyllabic word will be included in a sentence; and 2) for 
each tonal combination possibility, only one sentence will be included. So 16 
samples will be displayed.  
3.2.1.1.2 Perception Experiment 
The aim of this experiment, however, is to examine whether the subject could 
identify the target word, which will be informed by the speaker, in the word pair. 
And the reason why we carry on the perception experiment before the production 
experiment is that firstly, most of the studies on tonal perception and production 
study obey this order; and secondly, because the non L1 Mandarin learners do not 
have many opportunities to listen and speak Mandarin Chinese in their daily life, if 
the production part had carried on antecedent to perception, the nervous mood would 
have disturbed their speaking.  
In perception experiment, all the word would be different from those in production 
experiment. Three subparts are also classified as the previous. The author reads the 
monosyllabic word, independent disyllabic word and disyllabic word in a sentence 
for twice, and the subject should select which word or sentence will be the target one 
during a short pause between every two words or sentences. The target word will BE 
informed to the subject. For example, ‘pēn, pén, la parola target è pén; pēn, pén, la 
parola target è pén’. So, obviously the SECOND monosyllabic word is the target one. 
On account of being set the word pair, the amount of examples will be double 
compared with the production counterpart.  
The word list and answering sheet of perception experiment are presented in 
appendix in chapter 6.1 and 6.2.   
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3.2.1.1.3 Production Experiment 
The aim of designing the production experiment is to investigate the pronouncing 
situation, including both the accuracy and the difference between different subject 
groups, of the Italian Mandarin learners. In this experiment, subjects should read 
each word or sentence for twice, like ‘guā, guā (瓜, melon)’, ‘mén dīng, mén dīng 
(门钉,doornail)’, ‘Jīn tiān wǒ men jiāng huì xué dào jīn tiān zhè ge cí, Jīn tiān wǒ 
men jiāng huì xué dào jīn tiān zhè ge cí (今天我们将会学到今天这个词, Today we 
will learn the word “today”.) ’. Because the motive of the experiment is not to 
examine the phonetic knowledge of subjects, tonal marks have been displayed on 
the paper in order that subject could read the words and sentences correctly via the 
phonological transcription.   
In the third subpart of this experiment, the target word, which means the word need 
to be analyzed, has been underlined but the subject would NOT have been informed 
in advance. In total, there exists 20+32+16=68 samples in this experiment.  
The word list which is also the answering sheet is presented in appendix in chapter 
6.3.  
3.2.1.2 Subject Selection 
We selected twenty subjects to participate our experiment, seven of them have 
reached the elementary level of Mandarin Chinese; six of them intermediate level 
and seven of them advanced level. The criterion of their level classification of 
language refers to the Chinese Proficiency Test (HSK), which is China's only 
standardized test of Standard Chinese language proficiency for non-native speakers 
such as foreign students and overseas Chinese and which is administered by Hanban, 
an agency of the Ministry of Education of the People's Republic of China. In this test, 
six different levels have been set up. Examinees who passed the test of first two 
levels means that they have achieved to elementary level. Those who passed third or 
fourth levels have reached to intermediate level and those for fifth and sixth level are 
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advanced60. In order to master the detailed information of subject, we created a 
questionnaire from the sociolinguistic point of view, which includes twenty-one 
questions on their personal information and linguistic background. The 
questionnaire will present in Appendix. 
According to the information we collected, all of the twenty participants had no 
physical problems reading, hearing and speaking. six of them are male and fourteen 
are female; and their age distribution is from 20 to 52, among which eighteen 
subjects are less than 30 years old, one is 33 and one is 52 years old. All of them are 
native speakers of Italian but their birth places and residences have distributed to all 
over the Italy, from north to south. Except one of the subject is a bank clerk, others 
are all university students. In terms of the place they learn the Mandarin Chinese, 
eight of them have studied in Confucius Institute, five of them in Interdepartmental 
Language Centre of Pisa University (Centro Linguistico Interdipartimentale 
dell’Università di Pisa, CLI), two of them in their local language centre and five of 
them have received the Chinese course in their universities. For second language and 
other languages they master, the majority of them can speak at least another 
Indo-European language besides Italian and Chinese. The reasons they learned 
Mandarin Chinese are about to personal and professional interests. thirteen of them 
have studied or are studying in China; six of them not and 1 of them has studied in 
Taiwan.  
3.2.1.3 Recording Design 
The experiment carried out in silent circumstance, mainly in phonetic laboratory of 
Pisa University. Zoom-H2n handy recorder was adopted as the recording tool. The 
production experiment generally spent fifteen to twenty minutes and the perception 
experiment twenty to thirty minutes. Between two experiments a pause of few 
minutes would be left. In perception part, the reader of the word table was Guanyu 
Zhang, the author of this thesis, also the speaker of Mandarin Chinese as L1 and 
                                                 
60 see http://www.hanban.edu.cn/tests/node_7486.htm 
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who has achieved the highest level (92.3/100) of National Proficiency of Putonghua 
(Mandarin). 
3.2.1.4 Method of Data Analysis 
For analyzing the data, we employed the PRAAT including a script of extracting F0 
automatically. The script was written by Dr. Xianming Bei and its function aimed to 
equally divide a certain tone-bearing unit into 8 parts and extract the F0 data from 9 
points. The standard Mandarin tonal data and tonal pattern of Mandarin Chinese we 
adopted were referred to Wang, Shi.(2006)61 , Shi, Wang (2006)62 and Deng, Shi 
(2008)63  
 
3.2.2 Methodology of F0 Analysis 
3.2.2.1 General Information of Data Normalization  
Fundamental frequency loads the primary distinctive feature of tones. Since the 
researcher has the only way to perceive the F0, i.e. pitch, by describing the segment 
impressionistically, they frequently have the confusion of recording the tone 
accurately. For example, for a high-rising tone, different investigators would get 
different results as [24], [25] or [35] respectively. All of them would be right 
because the uncertainty in tonal description tends to reflect two primary facts: one is 
that different speakers have different pronunciations, and the other is that describing 
tool (five-scale system, Chao letters) cannot precisely define these inconformities. 
64  
                                                 
61 Wang, Shi (2006: 33-96) 
62 Shi, Wang (2006: 324-333) 
63 Deng, Shi (2008:50-62) 
64 See Zhu (2005: 221). 
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It is quite obvious of the previous point, that the physical representation of a certain 
linguistic signal is almost infinite, not only being different of different speakers, 
even for one speaker, the pronunciation in this time will be different from another.  
From another point of view, however, the meaning of this linguistic signal will be 
perceived as the same no matter which gender the speakers have, how old they are 
and the mode they speak, tremulous or murmured. This suggests the existence of 
stable category of perception level, and this perception category will phonologically 
act on distinctive feature. When facing to large amount of data in tonal study, the 
researcher has the responsibility to extract the internal regular and discover the tonal 
pattern. Thus the data need to be relativized and normalized. The fundamental 
purpose of data normalization could be considered to remove interpersonal random 
differences, extract stable parameters, viz. to filter out personal characteristics in 
order to get the information with linguistic meanings.65  
Just like the argumentation of vowel normalization by Disner (1980) and tonal 
normalization by Rose (1993), the mathematical routine of normalization could be 
regarded as perceptional process of stimulating the listener to categorize a sound to a 
certain class66. The aim of normalization is to aggregate the sounds with the certain 
feature, at the same time to distinguish those without this feature. And the physical 
meaning of self-normalization is to taking oneself as the coordinate in order to 
reflect his tonal distribution based on his own frequency domain. After the 
normalization, the former chaotic F0 curve would display the striking consistency. 
Therefore, the primary function of F0 normalization would be constructing the 
perceptional description of tones on standardized quantitative analysis.67 
The other function of normalization, however, is to reduce the difference of 
pronouncing styles during recording, such as relax, nervous, normal etc. Different 
pronouncing styles of different speakers are always troublesome because they will 
destroy the comparability of materials. And the adoption of F0 normalization would 
                                                 
65 Rose (1993: 193). 
66 For the literature review of f0 normalization sees Zhu (2004: 3-19). 
67 Zhu (2004: 4). 
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markedly improve this situation, as long as the speaker keeps the consistent style in 
recording because a specific style could be seemed as a speaker with personal 
pronouncing style.  
 
In a word, if not normalizing the original data, reducing the interpersonal random 
difference will be almost impossible and interpersonal and cross-language 
comparison will not be carried on. Normalization could help us to find out the 
constant in interpersonal variable and to discover the similarity in cross-language 
differences. And finally it will set the stage for the study of interpersonal and 
cross-language comparison.  
 
3.2.2.2 Method of F0 Normalization 
From 1960s, many methods of normalization have been proposed. It has been firstly 
used in classification and comparison of vowel (Fant (1966), Gerstman (1968), 
Harshman (1970), Labanov (1970), Wakita (1977)), and then been adopted in tonal 
research (Jassem (1971), Menn and Boyce (1982), Earle (1975), Takefuta (1975), 
Rose (1982), Rose (1987), Rose (1989), Ladd et al. (1985), Jiong Shen (1985), Feng 
Shi (1990))68. Generally, there exists two steps of normalization, one is to translate 
the curve in coordinates, the other is to compress and expand the frequency domain. 







In this formula, x′ means the normalized standard value, 𝑥0 represents the original 
value, 𝑥1 and 𝑥2 are two parameters, in which 𝑥1 serves to translate and 𝑥2 to 
compress and expand the frequency domain. 
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According to the rather detailed discussion in Xiaonong Zhu (2004), he expounded 
six different methods of normalization as below in which the third, the fifth and the 
sixth method were created by Xiaonong Zhu: 















3) POR method  
g =
x − (m − cs)
(m + cs) − (m − cs)
 
 
4) Ratio of Logarithmic Semitone Distances (LD) method (Feng Shi (1990), Ping 
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y − (𝑚𝑦 − 𝑐𝑠𝑦)
(𝑚𝑦 + 𝑐𝑠𝑦) − (𝑚𝑦 − 𝑐𝑠𝑦)
 
 
In 1990, Feng Shi (1990) has firstly adopted the T-value method in tonal analysis of 
Peking dialect, which was almost equal to the fourth method, to normalize F0 data.  
 
7) T-value method 
T = (
log10 𝑥 − log10 𝑥𝐿
log10 𝑥𝐻 − log10 𝑥𝐿
) ∗ 5 
 
In this formula, x means the original F0 at a certain time point, 𝑥𝐿 means the lowest 
F0 data of the speaker in his/her frequency domain, and 𝑥𝐻 means the highest F0 
data in his/her frequency domain. All the data entered in the formula should be 
selected the average value. It means that if we need to calculate the tonal pattern of 
the Italian learners of ADVANCED level, firstly the average values (each tone has 9 
average values, and 36 average values of four tones in total) of each measuring point 
(9 measuring points of each tone will be selected) of ADVANCED group should be 
calculated, and then choose the highest and the lowest F0 data of these subjects from 
these data, while x represents the certain average datum of the measuring point. If all 
the 9 T-values of tone 1 were calculated, we could achieve the pitch curve of tone 1 
in five-scale space. And the other three tonal curves could be successively obtained. 
Finally, the complete tonal pattern could be drawn by synthesizing all the four tonal 
curves in one five-scale space.   
According to the value range of T ([0,5]) in this formula, the correspondence 







Chart 3 Correspondence between T-values and five-scale values69 
 







In recent twenty years, the majority tonal researches of Mandarin Chinese and 
Chinese dialects have utilized this method to normalize the original F0 data. In the 
thesis this method will also be adopted.  
 
3.3 Statistical Analysis of Tonal Pattern of Mandarin Chinese by 
Italian Learners 
3.3.1 Monosyllabic Tones 








                                                 
69 Wang, Shi (2006:35) 
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Chart 4 Result of perception experiment - Elementary Level 
 
Elementary Level 
 Word 1 Word 2 Word 3 
monosyllables 
tone 1/2 100% 100.0% 100% 
tone 2/3 57.1% 100.0% 71.4% 
tone 3/4 100% 100.0% 100% 
tone 4/1 100% 85.7% 85.7% 
 
disyllables 
tone 1+1/1+2 100% tone 1+2/1+3 71.4% 
tone 1+3/1+4 85.7% tone 1+4/1+1 85.7% 
tone 2+1/2+2 85.7% tone 2+2/2+3 100% 
tone 2+3/2+4 100% tone 2+4/2+1 100% 
tone 3+1/3+2 85.7% tone 3+2/3+3 85.7% 
tone 3+3/3+4 100% tone 3+4/3+1 100% 
tone 4+1/4+2 57.1% tone 4+2/4+3 85.7% 
tone 4+3/4+4 85.7% tone 4+4/4+1 85.7% 
 
disyllables in sentence 
tone 1+1/1+2 85.7% tone 1+2/1+3 85.7% 
tone 1+3/1+4 85.7% tone 1+4/1+1 85.7% 
tone 2+1/2+2 57.1% tone 2+2/2+3 71.4% 
tone 2+3/2+4 42.9% tone 2+4/2+1 57.1% 
tone 3+1/3+2 57.1% tone 3+2/3+3 57.1% 
tone 3+3/3+4 57.1% tone 3+4/3+1 57.1% 
tone 4+1/4+2 57.1% tone 4+2/4+3 71.4% 







Chart 5 Result of perception experiment - Intermediate Level 
 
Intermediate Level 
  Word 1 Word 2 Word 3 
monosyllables 
tone 1/2 100% 100% 100% 
tone 2/3 83.3% 100% 83.3% 
tone 3/4 100% 100% 100% 
tone 4/1 66.7% 100% 100% 
 
disyllables 
tone 1+1/1+2 83.3% tone 1+2/1+3 100% 
tone 1+3/1+4 100% tone 1+4/1+1 100% 
tone 2+1/2+2 66.7% tone 2+2/2+3 100% 
tone 2+3/2+4 100% tone 2+4/2+1 100% 
tone 3+1/3+2 100% tone 3+2/3+3 100% 
tone 3+3/3+4 83.3% tone 3+4/3+1 83.3% 
tone 4+1/4+2 66.7% tone 4+2/4+3 100% 
tone 4+3/4+4 100% tone 4+4/4+1 100% 
 
disyllables in sentence 
tone 1+1/1+2 100% tone 1+2/1+3 66.7% 
tone 1+3/1+4 83.3% tone 1+4/1+1 100% 
tone 2+1/2+2 83.3% tone 2+2/2+3 66.0% 
tone 2+3/2+4 66.7% tone 2+4/2+1 100% 
tone 3+1/3+2 100% tone 3+2/3+3 66.7% 
tone 3+3/3+4 66.7% tone 3+4/3+1 100% 
tone 4+1/4+2 83.3% tone 4+2/4+3 66.7% 







Chart 6 Result of perception experiment - Advanced Level 
Advanced Level 
  Word 1 Word 2 Word 3 
monosyllables 
tone 1/2 100% 85.7% 100% 
tone 2/3 100% 85.7% 85.7% 
tone 3/4 85.7% 100% 100% 
tone 4/1 100% 100% 85.7% 
 
disyllables 
tone 1+1/1+2 100% tone 1+2/1+3 100% 
tone 1+3/1+4 100% tone 1+4/1+1 100% 
tone 2+1/2+2 100% tone 2+2/2+3 100% 
tone 2+3/2+4 57.1% tone 2+4/2+1 85.7% 
tone 3+1/3+2 85.7% tone 3+2/3+3 100% 
tone 3+3/3+4 100% tone 3+4/3+1 100% 
tone 4+1/4+2 85.7% tone 4+2/4+3 100% 
tone 4+3/4+4 100% tone 4+4/4+1 100% 
 
disyllables in sentence 
tone 1+1/1+2 71.4% tone 1+2/1+3 71.4% 
tone 1+3/1+4 71.4% tone 1+4/1+1 71.4% 
tone 2+1/2+2 100% tone 2+2/2+3 71.4% 
tone 2+3/2+4 85.7% tone 2+4/2+1 85.7% 
tone 3+1/3+2 85.7% tone 3+2/3+3 100% 
tone 3+3/3+4 71.4% tone 3+4/3+1 85.7% 
tone 4+1/4+2 42.9% tone 4+2/4+3 71.4% 
tone 4+3/4+4 85.7% tone 4+4/4+1 71.4% 
 
Chart 4 to Chart 6 show the results of perception experiment with three different 
levels. In monosyllables column, tone x/y means the subject should judge which one 
of two syllables that the reader has set as the target one. As the example we have 
explained in page 24, if the reader reads “x, y, la parola target è x.”, and if the 
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subject chooses x and marks a cross in the first grid in answering sheet, it will be 
judged as correct. (The target syllables are predetermined). In each tone x/y column, 
three accuracy numbers are shown, which means the accuracy in each examined 
syllable. In another word, in monosyllable column, each tonal minimum pair 
consists of three different samples. The accuracy of each sample in this part could be 
calculated as P(M)=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑗𝑢𝑑𝑔𝑒𝑚𝑒𝑛𝑡
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠 𝑖𝑛 𝑐𝑒𝑟𝑡𝑎𝑖𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
. 
For example, if six of seven subjects have made the correct judgment in the first 





According to the result, in monosyllable part compared between three levels, the 
overall trend is that the higher level the subject belongs to, the higher accuracy will 
be shown. (The average accuracy of each level group is: 91.7% of elementary level, 
94% of intermediate level, 96% with advanced level.) From the point of view of 
each group, on the perception of the first sample in tone 2/3 pair in elementary group, 
viz. “hái/hǎi” (already/sea), the subject manifested the worst and the accuracy is 
only 57.1%; and the accuracy of tone 2/3 and tone 4/1 in intermediate group and 
tone 2/3 in advanced group show the relatively low accuracy than other counterparts. 
This phenomenon has exactly verified the result we discussed in literature review 
part that the perception difficulty mainly concentrates on tone 2/3. In our experiment, 
both the three level groups display this tonal confusion; and tone 4/1 confusion 
could also found in Spanish Mandarin learners70.  
In disyllable part, the similar overall accuracy has been shown as the monosyllable 
part. (The average accuracy of each level group is: 88.4% of elementary level, 93% 
of intermediate level, 96% with advanced level.) If we observe the data more 
carefully, in tone 4+1/4+2 pair, viz. “mù chuāng/mù chuáng” (wooden 
window/wooden bed), all the three groups did not reach the full accuracy.  
In disyllables in sentence part, the accuracy of each group descends clearly 
compared with the previous two level parts. (The average accuracy of each level 
                                                 
70 He (2009:28) 
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group is: 67.8% of elementary level, 81.26% of intermediate level, 77.7% with 
advanced level.) Interestingly, the overall tendency of accuracy is not shown as 
previous, but the advanced level manifested worse than intermediate level. If we 
transfer our attention to the result of each group, in elementary level, all the samples 
did not perform perfectly, that means all the accuracy did not reach 100%. The 
accuracy of tone 2+4/2+1, tone 3+1/3+2, tone 3+2/3+3, tone 3+4/3+1 and tone 
4+1/4+2 are slightly more than 50%. We could find that these low accuracies mainly 
appear in tone 3 circumstance. As we know tone 3 acquisition has long been 
regarded as the primary difficulty in Second Language Acquisition of Mandarin 
Chinese because of its complexity of tonal contour structure and the longer duration 
with respect to other three tones. Meanwhile it is precisely because the existence of 
the indeterminacy of the pronunciation and perception of tone 3 both in 
monosyllabic and tonal sandhi environment, the perception of adjacent tone would 
have been probably affected. In this token the result of investigation of elementary 
level obviously reflects the difficulty of perception of tones in tone 3 context.  
In addition, another noticeable point is that the accuracy of perception in tone 
4+1/4+2 pair “dà fāng/dà fang” (generous/big house) is lower than 50% (42.9%) and 
in the meanwhile lower than another two counterparts of elementary and 
intermediate level (57.1% and 83.3% respectively). We consider that it would not be 
quite easily to explain this phenomenon. Because the occasionality or the existence 
of implied interrelation between the tone and the final part of the syllable is still not 
apparent, larger range of large-sample investigation is worth carrying out.  
3.3.1.2 Discussion of the Result of Production Experiment 
Monosyllabic tone is the basis of Mandarin tones71 because firstly, the minimal tone 
bearing unit is monosyllable; secondly, all of the tone sandhi could be regarded as 
the variation of the original tone of monosyllable in both independent and contextual 
circumstance, in other words, monosyllabic tone is the basis of all tonal variation; 
                                                 
71 He (2009: 18). 
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and thirdly, in terms of language acquisition, foreign learners tend to perceive the 
tone from monosyllable utterance. In this part we would carry out the description 
and analysis of the pronunciation of monosyllable tones of Italian learners, and then 
compare with the tonal pattern of Pekinese because the phonology of Standard 
Chinese or Standard Mandarin is based on the Pekinese dialect. Moreover, a series 
of comparisons between Italian learners in terms of sociolinguistic point of view will 
also be made. 
3.3.1.2.1 Main Distribution of Monosyllable Tones - General   
In tonal pattern, each tone does not occupy a single line, but banded acoustic space72.  
Therefore, the tonal pattern contour we always created would not be considered as 
an independent line, but the middle or main line of a certain enveloping area. 
Therefore, the methodology we used to carry out the statistical analysis of tonal 
pattern originates from Wang, Shi (2006): the acoustic space of each tone stems 
from average value plus or minus standard deviation. The standard deviation 
indicates the dispersion degree of a group of data to the average value. The acoustic 
space we got by adopting of this method would effectively eliminate the occasional 
factors; thereby the universal rule reflected by the main distribution of tones could 
be summarized. 
 
Figure 1 Main distribution of Mandarin tones of Italian learners -General 
 
                                                 
72 Wang (2006: 26).  
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From the figure, we could clearly observe that the highest and lowest points of tonal 
range are determined by the start point of tone 4 and the inflection point of tone 3 
respectively. The opposition between tone 1 and tone 4 is remarkably obvious, but 
the distributional trend of tone 2 and tone 3 is fairly similar. Compared with these 
two tones, the enveloping area of tone 2 is appreciably higher than tone 3, while 
some of the areas are overlapped.  
Here we will elaborate on the detail of distribution of Mandarin tones of Italian 
learners. 
3.3.1.2.1.1 Description of Tone 1 main distribution 
Figure 2 Main distribution of tone 1 
 
Chart 7 Data of Tone 1 
Time Average T-value standard deviation T+sd T-sd 
1 4.07 0.89 4.96 3.18 
2 3.98 0.97 4.95 3.01 
3 3.97 0.93 4.89 3.04 
4 3.99 0.88 4.87 3.12 
5 4.04 0.82 4.86 3.22 
6 4.12 0.72 4.84 3.39 
7 4.21 0.62 4.83 3.58 
8 4.32 0.56 4.88 3.75 







1 2 3 4 5 6 7 8 9
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From the figure and the data in Chart 7, we could find that tone 1 occupies the top 
part of tonal scale and displays as the demi-horizontal line. And the enveloping area 
takes the largest space at first three timing point. As time goes on, the enveloping 
area narrows gradually. So in general the tendency character of tone 1 could be 
marked as ‘plane’. Corresponding to 5-scale value, the mid line of tone 1 is [55], the 
top line is [55] and the low line [45]. 
3.3.1.2.1.2 Description of Tone 2 main distribution 
 
Figure 3 Main distribution of tone 2 
 
 
Chart 8 Data of Tone 2 
Time Average T-value standard deviation T+sd T-sd 
1 4.07 0.16 4.96 3.18 
2 3.98 0.09 4.95 3.01 
3 3.97 0.10 4.89 3.04 
4 3.99 0.16 4.87 3.12 
5 4.04 0.22 4.86 3.22 
6 4.12 0.36 4.84 3.39 
7 4.21 0.81 4.83 3.58 
8 4.32 0.45 4.88 3.75 







1 2 3 4 5 6 7 8 9
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Compared with tone 1, the enveloping area of tone 2 becomes narrow, especially at 
the first three timing point, the difference between each subject is quite subtle, which 
means at the initial part of tone, different subjects pronounce similarly. But from 
timing point 5 to the ending the fairly notable discrepancy has emerged. This means 
that in second half part of tone 2, different subjects pronounce quite variously. The 
inflection points of these three tonal contours also emerge at different position. The 
top and mid line occurs at the fourth timing point, and the low line the seventh. In 
general, the tendency character of tone 2 could be named as ‘concave’. 
Corresponding to 5-scale value, the mid and the top line of tone 2 is [325], and the 
low line [324]. 
3.3.1.2.1.3 Description of Tone 3 main distribution 
 




Chart 9 Data of Tone 3 
Time Average T-value standard deviation T+sd T-sd 
1 2.00 0.23 2.24 1.77 
2 1.11 0.17 1.28 0.94 
3 0.45 0.08 0.53 0.37 







1 2 3 4 5 6 7 8 9
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5 0.00 0.00 0.00 0.00 
6 0.24 0.17 0.42 0.07 
7 0.84 0.60 1.44 0.25 
8 2.44 0.30 2.74 2.14 
9 3.93 0.66 4.59 3.28 
The lowest point, viz. the fifth timing point, of tone 3 has determined the lower limit 
of tonal range. Before this timing point the difference between top line and low line 
is not quite remarkable and the variation of enveloping area is gradually narrow. 
After timing point 5, however, the discrepancy begins to augment abruptly and 
narrows mildly at subsequent point. At the end of this tonal curve, the discrepancy 
between the top and low line has increased a little. By this token we could generally 
divide the tonal contour of tone 3 into two part, from timing point 1 to 5 and 5 to 9. 
In the first part the tonal curve changes steadily and unapparent, whereas the second 
part displays quite unstable. Compared with tone 2, the tendency of these two tonal 
curves is fairly similar and during the production experiment the similar 
pronunciation between tone 2 and tone 3 has also support the statistical result. To 
sum up, the tendency character of tone 3 could be summarized as ‘concave’. 
Corresponding to 5-scale value, the mid line of tone 3 is [314], the top line is [315], 
and the low line [214].  
3.3.1.2.1.4 Description of Tone 4 main distribution 
 












Chart 10 Data of Tone 4 
Time Average T-value standard deviation T+sd T-sd 
1 4.78 0.25 5.00 4.54 
2 4.59 0.26 4.85 4.33 
3 4.38 0.25 4.63 4.13 
4 4.07 0.28 4.34 3.79 
5 3.61 0.34 3.95 3.28 
6 3.03 0.29 3.32 2.74 
7 2.16 0.06 2.21 2.10 
8 1.45 0.38 1.83 1.07 
9 0.73 0.57 1.31 0.16 
 
The topmost point, viz. the first timing point, of tone 4 has determined the higher 
limit of tonal range. From timing point 1 to 6, tonal curve descents steadily and the 
enveloping area between top and low lines is also stable. At timing point 7, however, 
the standard deviation is suddenly tightened and then expands gradually until the 
ending of this tone. In a word, the tendency character of tone 4 could be summarized 
as ‘descendent’. Corresponding to 5-scale value, the mid line and low line of tone 4 
is [51], the top line is [52].   
 
If the standard deviation could be regarded as the major index of steady state period 
of tones, the part with the standard deviation less than 0.5 could be considered as the 
steady state period, and that more than 0.5 is dynamic state period73. According to 
the statistical result, in tone 1, the dynamic state period is from timing point 1 to 8, 
and only the ending part could be regarded as the steady state period. In tone 2, since 
only the standard deviation at timing point 7 is more than 0.5, this point could be 
seen as the dynamic state period, and the rest the steady state period. In tone 3, 
                                                 
73 Wang, Shi (2006: 37). 
50 
 
timing points 7 and 9 are unstable and the rest the steady state period. In tone 4, the 
standard deviation of the ending point is 0.57, therefore it should be seen as the 
dynamic state period; and other parts are obviously steady state period. 
3.3.1.2.2 Contrastive Analysis between Italian-Speaker Sample and the 
Tonal Pattern of Beijing Dialect 
3.3.1.2.2.1 General Introduction of Main distribution of Beijing Mandarin Tones 
 
The phonology of Standard Chinese or Standard Mandarin is based on the Pekinese 
(Beijing) dialect74. The tonal pattern and its statistical data which have been adopted 
by majority part of researches on Mandarin tones could be traced back to the famous 
paper “A Statistic Analysis of the Tones in Beijing Mandarin” written by Ping Wang, 
Feng Shi (2006). As the notions of dynamic state period and steady state period 
introduced in tonal research of Chinese Mandarin and dialect, the original result of 
tonal value of Mandarin, viz. tone 1, [55]; tone 2; [35]; tone 3 [214] and tone 4, [51], 




Figure 6 Main distribution of Beijing Mandarin tones 
 
                                                 
74 Wang (2006: 2). 
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Figure 7 Main distribution of Tone 1        Figure 8 Main distribution of Tone 2 
         
Figure 9 Main distribution of Tone 3      Figure 10 Main distribution of Tone 4 
           
According to figure 7 to 10, the main distribution of Beijing Mandarin tones could 
be described as follow: tone 1 is not an absolute horizontal line, the T-value of the 
starting point is the highest, and the ending point the lowest. Because the pitch range 
of tone 1 is distributed from 4 to 5, and T-value of mid line of tone 1 curve is from 
4.33 to 4.07, tone 1 is described as [55] corresponding to 5-scale value. Tone 2 is a 
‘mid-rising’ tone, which means that its starting point is located and the middle of the 
5-scale range. With a little concave in the beginning part, the major tendency of tone 
2 is rising, with the T value from timing point 1 2.48 to timing point 9 4.02. Since 
the existence of a little concave, which could be regarded as an inflection point of 
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the curve, tone 2 could be described as [35] or [335]. Tone 3, according to Feng Shi 
and Ping Wang’s analysis, is an obvious contour tone; and its major enveloping area 
concentrates on the lower part of 5-scale range. The lowest point of tone 3 has 
emerged at the fourth timing point with the T-value 0.29, the starting point 2.19 and 
the ending point 2.51. In a word, the upper line of tone 3 could be drawn as 314, the 
mid line [313] and the lower line [212]. Tone 4 is a high-descendent tone with the 
starting point located at the higher limit of tonal range. Since the location of ending 
point of the three lines is markedly different, the upper and mid line is described as 
[52], and the lower line [51]. 75 
Finally, we could get the contrastive chart below: 
 
Chart 11 Comparison of 5-scale Value of Main Distribution between Italian 
Speakers and Beijing Mandarin 
 
  








tone 2 435 35/335 224 
tone 3 314 313 212 
tone 4 52 52 51 
  








tone 2 325 325 324 
tone 3 315 314 214 
tone 4 52 51 51 
 
                                                 
75 Wang, Shi (2006:37) 
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3.3.1.2.2.2 Main Distribution of Tone 1 
 
Chart 12 Comparison of Tone 1 between Italian Speakers and Beijing Mandarin 
 
T value standard deviation 
 
starting point ending point starting point ending point 
Beijing Mandarin 4.33 4.07 0.29 0.29 
Italian speaker 4.07 4.42 0.89 0.42 
 
The major tendency of tone 1 curve between two groups is similar, with only the 
instability the Italian group displays. The starting, lowest and ending point could 
generally keep stable on a horizontal line, which quite resembles to Beijing 
counterparts. Therefore, we could make the conclusion that the tonal shape of tone 1 
of Italian speakers is close to the standard counterpart by and large.   
3.3.1.2.2.3 Main Distribution of Tone 2 
 
Chart 13 Comparison of Tone 2 between Italian Speakers and Beijing Mandarin 
 
 















2.48 2.21 3th 4.02 0.57 0.55 
Italian 
speaker 
2.29 1,38 4th 4.36 0.16 0.16 
Here we added a new column ‘timing point of inflection point’ because it should be 
considered as one of the crucial difference between two groups. The major tendency 
of tone 2 curve between two groups is also similar, with the different location of 
emergence of inflection point. Inflection point could be defined as the point on a 
curve at which the slope of the curve changes inversely. Thus “timing point of 
inflection point” means the timing point at which the inflection point occurs. In 
Beijing Mandarin, the inflection point emerges at the third timing point, whereas in 
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Italian speaker group, it emerges at fourth timing point. When we listen the 
pronunciation of the subjects, the relative longer decline at the starting of tone 2 
could also verify our statistical result. In terms of standard deviation, the Italian 
speaker group is remarkably lower than standard counterpart, which means the 
discrepancy of tone 2 pronunciation by different subjects is relatively indistinctive.    
 
3.3.1.2.2.4 Main Distribution of Tone 3 
 
Chart 14 Comparison of Tone 3 between Italian Speakers and Beijing Mandarin 
 
















2.19 0.29 4th 2.51 0.56 0.60 
Italian 
speaker 
2.00 0.00 5th 3.93 0.23 0.66 
In tone 3 analysis, ‘timing point of inflection point’ is also worth paying attention. 
The major tendency of tone 3 curve in two groups is also similar, but the location of 
timing point of inflection point has emerged at different places. In Beijing Mandarin, 
it emerges at the fourth timing point, whereas in Italian speaker group the fifth, 
which means that Italian speakers pronounce much longer decline part than Standard 
counterpart. As far as to standard deviation, two differences could be summarized. 
First, except at the seventh and ninth timing point, the standard deviation of Beijing 
Mandarin is larger than Italian speakers, which could be considered that the 
discrepancy of tone 3 pronunciation of Beijing Mandarin is obviously greater than 
Italian speakers. Second, in terms of the rising part of tone 3 curve, viz. the part after 





3.3.1.2.2.5 Main Distribution of Tone 4 
Chart 15 Comparison of Tone 4 between Italian Speakers and Beijing Mandarin 
 
T value standard deviation 
starting point ending point starting point ending point 
Beijing 
Mandarin 
4.84 1.03 0.09 0.69 
Italian speaker 4.78 0.73 0.25 0.57 
 
Since the tone 4 curve is high-declining, viz. descends from the topmost to the 
lowest point, it does not exist the inflection point. The tendency of the tone 4 curve 
of two groups is also generally similar, except the suddenly narrowing exists at 
seventh timing point of Italian speakers, which means the discrepancy between 
different subjects decreases abruptly. The other difference emerges at the ending 
point. According to the statistical result, since the ending points of two groups have 
located in different tonal range areas, it leads to the different description of tonal 
value of two groups of tones: Beijing Mandarin [52] and Italian speaker [51].  
 
3.3.1.2.3 Main Distribution of Monosyllable Tones – Different Groups 
In 3.3.1.2.1 we have mainly discussed the main distribution of monosyllable tones 
from the general point of view. In this part, the analysis of main distribution of 
monosyllable tones from the point of view of different level groups would be carried 










3.3.1.2.3.1 Main Distribution of Elementary Level 




Chart 16 Average T value of tone 2 of elementary level 
 
T value 
Timing point tone 1 tone 2 tone 3 tone 4 
1 2.83 2.34 1.79 4.44 
2 2.64 1.90 1.03 4.23 
3 2.69 1.68 0.53 4.06 
4 2.80 1.56 0.13 3.73 
5 2.95 1.53 0.00 3.23 
6 3.16 1.78 0.39 2.75 
7 3.40 2.46 1.21 2.18 
8 3.62 3.64 2.75 1.90 
9 3.94 5.00 4.85 1.40 
 
The shape of four tones of elementary group is basically approach to the general 
counterpart; but the discrepancy is also very obvious. Tone 1 in this group is a rising 
tone, instead of a basically plane tone like general one, except a subtle concave at 
the starting part. The T value of starting point is 2.83 and the ending point 3.94. 














[55]. In a word, the holistic tonal tendency of elementary group is lower than general 
counterpart. 
The T value of starting and ending point of tone 2 are 2.34 and 5.00. Since tone 2 is 
a contour as general one, it exists a inflection point with the T value 1.53; and it 
could be described as [325] in terms of 5-scale value, which is equal to the general 
counterpart. Here, the difference between them is the location of inflection point. 
The elementary group presents to the fifth timing point and the general the fourth. In 
short, the tonal shape of both two groups is ‘concave’, and the upper limit of tonal 
range is determined by the ending point of tone 2 in both two groups.  
According to the result, both of two groups are concave with the same location of 
inflection point. But the difference between two groups emerges at starting and 
ending point. The T value of starting and ending point of tone 3 are 1.79 and 4.85 
respectively. So we can clearly observe that the starting point of elementary group is 
lower than general one; on the contrary, the ending point is higher. Therefore, tone 3 
could be written as [215].  
The tendency of tone 4 in two groups is the same, viz. the high-declining tone. But 
elementary group starts lower and ends higher, which means the tonal range of 
elementary is more narrow than general. The T value of starting and ending point of 
tone 4 are 4.44 and 1.40, so it can be described as [52].  
3.3.1.2.3.2 Main Distribution of Intermediate Level 
 















Chart 17 Average T value of intermediate level 
 
T value 
Timing point tone 1 tone 2 tone 3 tone 4 
1 4.87 2.45 2.33 4.92 
2 4.89 1.85 1.34 4.82 
3 4.88 1.48 0.48 4.66 
4 4.89 1.18 0.00 4.41 
5 4.92 1.08 0.00 4.05 
6 4.91 1.10 0.00 3.43 
7 4.91 0.82 0.00 2.08 
8 5.00 2.61 2.04 0.97 
9 4.96 3.86 3.34 0.00 
 
From figure 12 the fairly clear instability of tones could be seen because of the 
non-smooth curve of tone 2, tone 3 and tone 4. Tone 1, as usual, is a demi-horizontal 
line, like that in general tonal pattern. The ending point has determined the upper 
limit of whole tonal range. The T value of starting and ending point of tone 1 are 
4.87 and 4.96, so it can be described as [55].   
The curve of tone 2 is not steady as general. From timing point 4 to 7 there is a 
waving part; and after the seventh timing point, tone 2 rises sharply. Moreover, the 
inflection point of tone 2 emerge so late, at the seventh timing point with the T value 
0.82. The T value of starting and ending point of tone 2 are 2.45 and 3.86, so it can 
be described as [314]. 
Compared with tone 2, the shape of tonal curve is much more unusual. The shape of 
tone 3 could be regarded as a trapezoid, with the bottom from timing point from 4 to 
7. In production experiment, we could also perceive that the pronunciation of 
elementary subjects has maintained an extremely low period in the middle of the 
tone, which reflects as a lowest line in 5-scale tonal range. Based on the statistical 
result, the T values from timing point 4 to 7 are 0; therefore, it is difficult to verify 
which one is the inflection point. They jointly construct the lower limit of tonal 
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pattern. Compared with the general tonal pattern, the starting point of intermediate 
group is higher and the ending point much lower. The T value of starting and ending 
point of tone 3 are 2.33 and 3.34, so it can be described as [314]. 
As far as tone 4, we could find the slope variation at timing point 7. Before the 
seventh timing point, the curve descends gradually and slowly; however, after that 
point the slope of curve suddenly increases and the tonal curve declines sharply. We 
consider that it could also be regarded as the instability of tonal pronunciation, but it 
is hardly perceived from the subjects’ speech. Compared with the general 
counterpart, the curve of tone 4 runs through the whole tonal range, with the 
character ‘high-decline’ like the general one. The T value of starting and ending 
point of tone 4 are 4.92 and 0, so it can be described as [51]. 
 
3.3.1.2.3.3 Main Distribution of Advanced Level 
 
Figure 13 Main distribution of advanced level 
 
 
Chart 18 Average T value of advanced level 
 
T value 
Timing point tone 1 tone 2 tone 3 tone 4 
1 4.52 2.08 1.89 5.00 














3 4.33 1.46 0.34 4.42 
4 4.28 1.42 0.03 4.05 
5 4.26 1.56 0.00 3.56 
6 4.28 1.92 0.34 2.91 
7 4.31 2.60 1.32 2.21 
8 4.33 3.48 2.54 1.49 
9 4.34 4.23 3.61 0.80 
 
We could find that the shape of four tones of advanced level is almost equal to the 
general tone pattern, with only some subtle differences between them.  
The shape of tone 1 curve is a demi-horizontal line, like that of general counterpart. 
It has steadily occupied the topmost area of tonal range; therefore, the character of 
this tone could be summarized as ‘plane’. Regardless of the intermediate group, the 
ending point has not determined the upper limit of whole tonal range. The T value of 
starting and ending point of tone 1 are 4.52 and 4.34, so it can be described as [55]. 
The starting and ending point of tone 2 in advanced group is lower than general, but 
since they are both contour tones, the inflection point is a little higher than general. 
Except to this, little difference could be found. The T value of starting and ending 
point of tone 2 are 2.08 and 4.23, and the inflection point is located at the fourth 
timing point with the T value 1.42, so it can be described as [325] 
Like tone 2, tone 3 in advanced presents a little difference from general counterpart, 
but the shape and tendency of tonal curve remains equally. The starting and ending 
point are both located appreciably lower than general. But the difference emerges at 
the starting. Although the disparity between them is quite little, they belong to two 
different tonal range areas. General group belongs to third level in terms of 5-scale 
value, whereas advanced group to the second. In short, the T value of starting and 
ending point of tone 3 are 1.89 and 3.61, and the inflection point is located at the 
fifth timing point with the T value 0, which has determined the lower limit of tonal 
range, so it can be described as [214]. 
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Not like the previous comparison, tone 4 of advanced group is located a little higher 
than general, albeit the disparity is so subtle. The T value of starting and ending 
point of tone 4 are 5.00 and 0.80, so it can be described as [51]. 
3.3.2 Disyllabic Tones 
Lexical tones in Mandarin are known for their gliding f0 contours76. When produced 
in isolation, these contours seem well defined and quite stable77. When produced in 
context, however, the tonal contours undergo certain variations depending on 
preceding and following tones. In modern Chinese, disyllabic words are in majority; 
and disyllabic tones have long been regarded as the focal point in Chinese teaching 
and learning78.Guo (1993)79 indicated that disyllabic lexical structure was the basic 
structure in Chinese language.  
In Mandarin Chinese, tone shape of disyllabic tones remains steadily and will not be 
influenced by sentential intonation. But sometimes tone sandhi and coarticulation 
would take place, which leads to tonal shortening and decline of disyllabic words. 
For example, the previous tone changes to tone 2 in tone 3+tone 3 disyllabic 
combinations is well known.  
3.3.2.1 Discussion of the Result of Production Experiment 
In this part the description and analysis of the pronunciation of disyllabic tones of 
Italian learners would be carried on. And then we would compare with the tonal 
pattern of Pekinese Mandarin. Moreover, a series of comparisons between different 
levels of Italian learners in terms of sociolinguistic point of view will also be made. 
 
                                                 
76 Xu (1997: 61). 
77 See Xu (1997: 62-63). 
78 He (2009: 31). 
79 Guo (1993: 17). 
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The methodology utilized in disyllabic tonal analysis is generally the same as in 
monosyllabic analysis. We use T1+X, T2+X, T3+X, T4+X as four main groups of 
tonal combination. In each group, the previous tone is fixed whereas only the 
following tone is changed.  
3.3.2.1.1 Pitch Analysis of Disyllabic Tones - General   
In this part, regardless of the discussion of the monosyllabic tone, firstly we would 
not draw the four groups’ result in a single 5-scale picture; and secondly the notion 
of main distribution would not have been adopted in disyllabic tone discussion so 
that to avoid the chaos and overelaboration. Each group would be discussed 
respectively as follow.  
 
3.3.2.1.1.1 Combination T1+X 
 
Figure 14 T1+X combination 
 
(In independent disyllabic words and disyllabic word in sentence parts, figures could 
be understood as that the first-half part means the previous position of disyllabic 

















Figure 15 T1+X combination of Beijing Mandarin 
 
(Figure 15,17,19,21, see Deng, Shi (2008:58)) 
 
Chart 19 Average T value of T1+X combination 
 
previous tone following tone 
timing 
point 
tone 1 tone 1 tone 2 tone 3 tone 4 
1 4.16 4.29 4.29 4.11 4.20 1.80 1.49 4.79 
2 4.07 4.24 4.24 4.10 3.99 1.50 0.72 4.63 
3 4.00 4.19 4.19 4.07 3.93 1.35 0.27 4.35 
4 3.97 4.16 4.16 4.07 3.90 1.35 0.08 3.93 
5 3.95 4.15 4.16 4.08 3.85 1.48 0.00 3.38 
6 3.95 4.14 4.17 4.11 3.78 1.81 0.26 2.75 
7 3.94 4.16 4.20 4.13 3.74 2.33 1.09 2.21 
8 3.95 4.17 4.20 4.13 3.75 2.93 2.18 1.66 
9 3.89 4.07 4.20 4.09 3.81 3.54 2.96 1.17 
 
From the figure and the statistical data, in T1+X combination, the previous tone 1 
concentrates in a certain area albeit exists some differences. The previous Tone 1 in 
T1+T1 combination is appreciably lower than other three counterparts; and the 
major part of curve is located in the fourth scale of 5-scale tonal range.  
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About the following tone, tone 1 is not as high as in monosyllabic, which should be 
described as [54] in disyllabic combination. The starting point of tone 2 and the 
inflection point of tone 3 have determined the upper and lower limit of 5-scale range 
of T1+X combination. 
If we compare two figures carefully, one of the significant tone sandhi would be 
found. In T1+X combination, the following tone 3 becomes to [31] instead of the 
monosyllabic pronunciation [313] as a contour tone. Similarly, the same tone sandhi 
will also be found in other tonal combination. It has precisely verified that “tone 
sandhi and coarticulation would take place, which leads to tonal shortening and 
decline of disyllabic words.”80  
The 5-scale value of T1+X combination is shown as follow: 
 




54 T1 54 
55 T2 224 
55 T3 213 
55 T4 52 
 








                                                 
80 Wu, Lin (1989: 162). 
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Figure 16 T2+X combination 
 
 
Figure 17 T2+X combination of Beijing Mandarin 
 
Chart 21 Average T value of T2+X combination 
 
previous tone following tone 
timing 
point 
tone 2 tone 1 tone 2 tone 3 tone 4 
1 1.83 2.41 1.86 2.21 3.91 1.91 1.71 4.40 
2 1.70 2.31 1.77 2.07 3.67 1.55 0.98 4.22 
3 1.66 2.29 1.75 2.04 3.55 1.43 0.50 3.95 
4 1.70 2.30 1.81 2.09 3.51 1.46 0.12 3.55 














6 2.14 2.58 2.22 2.37 3.58 1.81 0.54 2.55 
7 2.48 2.88 2.61 2.57 3.72 2.26 1.32 2.10 
8 2.76 3.22 3.02 2.81 3.89 2.81 2.16 1.78 
9 2.96 3.52 3.27 3.02 4.08 3.31 2.89 1.59 
 
Although all the four previous tone 2 in T2+X combination are contour tones with a 
litter concave at the starting part, compared with the monosyllabic tone, the 
descendent part become very short, which is quite similar to the Beijing Mandarin. 
In addition to this, some other discrepancy could be discovered. First, almost the 
tonal ranges of all tones in T2+X combination are narrowed. Second, tone 1 in 
following position becomes a contour, with the inflection point emerges at the fifth 
timing point; whereas in Beijing Mandarin, tone 1 remains as a demi-horizontal line 
with a litter decline at the ending part. Third, as we have discussed in T1+X, the 
following tone 3 becomes to [31] instead of the monosyllabic pronunciation [313] as 
a contour tone. But in Italian speaker sample, it has still been pronounced as a 
contour [213]. Thus from this point, we could infer that Italian speakers have not 
mastered this significant tone sandhi rule; and their pronunciation is unnatural. 
The 5-scale value of T2+X combination is shown as follow: 
 
 




223/23 T1 445/45 
334/34 T2 224 
224/24 T3 213 




3.3.2.1.1.3 Combination of T3+X 
 
Figure 18 T3+X combination 
 
 
Figure 19 T3+X combination of Beijing Mandarin 
 
Chart 23 Average T value of T3+X combination 
 
previous tone following tone 
timing 
point 
tone 3 tone 1 tone 2 tone 3 tone 4 
1 1.91 1.75 1.87 2.13 3.63 1.95 1.14 4.23 
2 1.68 1.41 1.64 1.91 3.50 1.61 0.57 3.95 
3 1.47 1.15 1.55 1.76 3.43 1.55 0.23 3.64 














5 1.11 0.98 1.75 1.58 3.37 1.77 0.06 2.78 
6 1.04 1.10 2.03 1.63 3.42 2.07 0.39 2.34 
7 1.10 1.27 2.52 1.68 3.53 2.53 1.06 1.98 
8 1.33 1.51 2.94 1.79 3.70 3.05 1.85 1.69 
9 1.44 1.72 3.24 1.87 3.88 3.52 2.59 1.54 
 
According to our investigation, the previous tone 3 in T3+X combination has 
undergone a tone sandhi, from [314] as a contour in monosyllabic pronunciation to 
[24], which is basically equal to tone 2. Hence this most important tone sandhi rule 
has been effectively master by Italian learners. 
Compared with Beijing Mandarin, the previous tone 3 in Italian learner group is not 
a simple declining tone as it in Beijing Mandarin. Generally, except the previous 
tone 3 in T3+T3 combination, the other previous T3 are short contour tones, which 
concentrate in almost one scale. As far as the following position, the shape of tone 1 
in Italian group is a convex curve instead of concave in Beijing Mandarin; at the 
same time, tone 1 in Italian group is located lower than Beijing Mandarin 
counterpart. Another marked difference between two groups is the shape of tone 2. 
In Italian speaker group, tone 2 remains a contour tone with the inflection point at 
the third timing point. However, in Beijing Mandarin group, tone 2 becomes a 
demi-simple curve without an obvious inflection point. As we all know, contour tone 
pronunciation requires more energy and much longer time. But in disyllabic context, 
both tonal range and length are shortened. The complex contour pronunciation of the 
following tone 2 in T3+X combination of Italian speaker has reflected the 
insufficient acquisition of tones.  











22 T1 44 
212 T2 224/24 
223/23 T3 213 
322/32 T4 52 
 
3.3.2.1.1.4 Combination of T4+X 
 
Figure 20 T4+X combination 
 
 
















Chart 25 Average T value of T4+X combination 
 
previous tone following tone 
timing 
point 
tone 4 tone 1 tone 2 tone 3 tone 4 
1 4.89 5.00 4.88 4.65 3.63 1.57 1.20 4.74 
2 4.70 4.78 4.63 4.40 3.48 1.32 0.82 4.58 
3 4.38 4.49 4.31 4.09 3.41 1.25 0.49 4.35 
4 4.02 4.08 3.90 3.74 3.36 1.29 0.41 4.02 
5 3.62 3.61 3.38 3.33 3.35 1.46 0.59 3.57 
6 3.23 3.07 2.87 2.92 3.35 1.72 1.06 3.11 
7 2.85 2.61 2.43 2.52 3.41 2.18 1.77 2.66 
8 2.52 2.19 2.04 2.17 3.52 2.67 2.63 2.25 
9 2.23 1.93 1.71 1.82 3.63 3.19 3.27 1.95 
 
Except the following tone 3 in T4+X combination has shortened, which is not 
presented in Italian speaker group, the general tonal pattern in this tonal combination 
are similar between two groups. However, some differences should also be pointed 
out. First, the tonal range distribution of previous tone 4 of Italian group is larger 
than Beijing Mandarin counterpart. Second, the shapes of following tone 1 between 
two groups are inverse: concave Italian group and convex of Beijing Mandarin. 
Third, the starting point of following tone 4 of Italian group is lower than Beijing 
Mandarin; and the upper limit of tonal range is not determined by this point, but the 
starting point of previous tone 4.  
The 5-scale value of T4+X combination is shown as follow: 
 






53 T1 44 
52 T2 224/24 
52 T3 214 
52 T4 53 
 
3.3.2.1.2 Pitch Analysis of Disyllabic Tones – Different Groups   
As we discussed the monosyllabic tones in 3.3.1.2.3, the motive of discussion in 
different group is, in essence, sociolinguistic, which attempts to analyze the data 
under certain requirements. In this section, after discussing of disyllabic tones in 
general, the discussion in terms of different groups would be elaborated.  
3.3.2.1.2.1 Disyllabic Combination of Elementary Level 
Figure 22 T1+X of elementary level 
 
Chart 27 Average T value of T1+X combination 
 
previous tone following tone 
timing 
point 
tone 1 tone 1 tone 2 tone 3 tone 4 
1 3.65 4.08 3.93 4.06 4.49 2.62 2.00 4.83 
2 3.59 4.02 3.90 4.07 4.30 2.13 1.12 4.70 
3 3.55 4.00 3.93 4.03 4.29 1.83 0.66 4.40 
4 3.56 4.00 3.96 4.01 4.22 1.66 0.39 3.95 














6 3.56 4.04 4.05 4.09 3.99 1.96 0.00 2.70 
7 3.57 4.05 4.10 4.12 3.93 2.43 0.84 2.34 
8 3.59 4.02 4.14 4.12 3.98 3.15 2.30 2.02 
9 3.52 3.73 4.19 4.02 4.15 4.06 3.27 1.64 
 
In elementary group, the pitch curve of tone 1 in previous syllable is slightly lower 
than other three curves, and occupies in the middle of the fourth grade of 5-scale 
space. The reason of this phenomenon, we consider, would be to dissimilate with the 
following tone 1, which has the approximate pitch with the previous tone. In this 
T1+T1 combination, although two tones are theoretically the same, the shape of 
them shows a subtle difference: the previous curve stretches steadily, whereas the 
following has a markedly decline, from 5 to 4 in terms of 5-scale value. 
With regards to the following syllable, tone 2 in elementary group is located a little 
higher than general, which can be recorded as [325], instead of [224]. The starting 
and ending points of tone 3 and the ending of tone 4 are also higher than general; 
and the inflection point is the sixth timing point instead of the fifth. In general, the 
following tonal pitch in this combination lie higher than general counterparts.  
The 5-scale value of T1+X combination is shown as follow: 
 
 




44 T1 55 
54 T2 325 
45 T3 314 





Figure 23 T2+X of elementary level 
 
 
Chart 29 Average T value of T2+X combination 
 
previous tone following tone 
timing 
point 
tone 2 tone 1 tone 2 tone 3 tone 4 
1 1.96 2.25 2.07 2.64 4.58 2.19 2.64 4.27 
2 1.64 2.11 2.01 2.48 4.09 1.45 1.82 4.16 
3 1.59 2.03 1.98 2.41 3.82 1.09 1.26 4.02 
4 1.64 2.04 2.05 2.45 3.64 0.99 0.78 3.80 
5 1.81 2.16 2.20 2.48 3.55 1.01 0.75 3.37 
6 2.11 2.38 2.58 2.55 3.67 1.24 0.84 2.89 
7 2.48 2.75 3.18 2.72 3.92 1.83 1.45 2.46 
8 2.84 3.31 3.78 2.94 4.31 2.72 2.30 2.19 
9 3.06 3.83 4.02 3.14 4.73 3.55 3.12 2.06 
 
In T2+X group, the curve of tone 2 in T2+T4 combination displays quite distinctive 
than other three curves. In terms of following tones, one of the remarkable feature is 
the obvious “concave” they displayed. Tone 1, tone 3 and tone 4, without exception, 
present as concave contour tones, which are quite different with the standard Beijing 
Mandarin counterparts. Another difference of the following syllable is the unobvious 














similar pronunciation of tones, which could be considered as the insufficient mastery 
of tone 2 and tone 3.  
The 5-scale value of T2+X combination is shown as follow: 
 




24/224 T1 545 
34/334 T2 314 
325 T3 314 
34/334 T4 53 
------------------------------------------------------------------------------------------------------ 
Figure 24 T3+X of elementary level 
 
Chart 31 Average T value of T3+X combination 
 
previous tone following tone 
timing 
point 
tone 3 tone 1 tone 2 tone 3 tone 4 
1 2.07 2.79 2.26 2.87 4.59 2.92 1.91 4.05 
2 1.83 2.40 1.97 2.66 4.44 2.38 1.30 3.86 
3 1.64 2.06 1.73 2.48 4.35 2.18 0.90 3.75 
4 1.48 1.71 1.70 2.12 4.26 2.11 0.70 3.57 














6 1.02 1.55 2.09 1.91 4.04 2.64 1.00 3.10 
7 0.94 1.56 2.58 1.85 4.10 3.21 1.57 2.77 
8 1.14 1.65 3.07 1.83 4.31 3.93 2.33 2.46 
9 1.07 1.61 3.47 1.76 4.57 4.60 3.09 2.34 
Compared with the general tonal pattern, except of the previous tone 3 in T3+T3, 
other tone 3 are unstable. Although the curve trend of previous syllable shows 
basically the same as the Beijing Mandarin counterpart, the ending part does not 
reach the bottom of the tonal range. In addition, the waving of tone 3 curve in 
T3+T1 combination shows hesitation and insufficient pronunciation. In terms of the 
following syllables, tonal pattern is almost the same as the general one.  
The 5-scale value of T3+X combination is shown as follow: 
 




32 T1 55 
32 T2 335/35 
324 T3 214 
32 T4 53 
------------------------------------------------------------------------------------------------------ 
















Chart 33 Average T value of T4+X combination 
 
 
previous tone following tone 
timing 
point 
tone 4 tone 1 tone 2 tone 3 tone 4 
1 4.91 4.95 4.61 4.49 3.90 2.08 2.17 5.00 
2 4.77 4.72 4.28 4.23 3.67 1.59 1.66 4.83 
3 4.54 4.46 3.98 3.95 3.61 1.48 1.28 4.64 
4 4.27 4.05 3.64 3.61 3.53 1.48 0.96 4.40 
5 3.95 3.62 3.21 3.25 3.49 1.64 1.22 4.03 
6 3.60 3.10 2.69 2.84 3.42 1.87 1.82 3.72 
7 3.26 2.66 2.32 2.40 3.46 2.49 2.50 3.35 
8 2.92 2.24 2.03 2.04 3.60 3.11 3.22 3.00 
9 2.53 1.99 1.88 1.59 3.67 3.89 3.95 2.81 
 
The previous syllable has generally determined the upper limit of 5-scale range; and 
the shape of four previous tones display mainly the same as general group. For the 
following syllable position, although tonal pattern is the same as general, some 
subtle differences need to be inferred. The starting point of tone 2 is lower than 
general, but the ending point is higher, which means the range of tone 2 occupies a   
larger space. With regard to tone 3, both the three points, viz. the starting, break and 
ending point, emerge higher than general; but this delicate difference could not be 
perceived in the majority part of subjects’ pronunciation. For tone 4, the ending 
point of elementary group is markedly higher than general, which belong to different 
tonal scale respectively.   










53 T1 44 
52 T2 324 
52 T3 314 
52 T4 53 
 
3.3.2.1.2.2 Disyllabic Combination of Intermediate Level 
 
Figure 26 T1+X of intermediate level 
 
 
Chart 34 Average T value of T1+X combination 
 
previous tone following tone 
timing 
point 
tone 1 tone 1 tone 2 tone 3 tone 4 
1 4.66 4.73 4.77 4.76 4.63 2.18 1.90 5.22 
2 4.55 4.69 4.71 4.76 4.35 1.93 1.25 5.05 
3 4.43 4.62 4.57 4.71 4.27 1.78 0.88 4.77 
4 4.37 4.56 4.53 4.73 4.30 1.76 0.53 4.35 














6 4.32 4.53 4.54 4.76 4.32 2.02 0.78 3.31 
7 4.30 4.57 4.58 4.76 4.36 2.35 1.51 2.75 
8 4.32 4.61 4.61 4.78 4.40 2.74 2.40 2.18 
9 4.28 4.66 4.63 4.78 4.44 3.10 2.99 1.77 
All the tone 1 in previous position occupy the highest of the tonal scale, which is 
more approximant to general respect to elementary group. But the shape is just the 
opposite to Beijing Mandarin: the intermediate group could be generally regarded as 
“concave”, whereas Beijing Mandarin display as “convex”. In terms of the following 
position, tone 1 is more steady than elementary counterpart, which occupies the fifth 
scale. The starting and ending point of tone 2 are lower than elementary counterparts, 
but the inflection point is a litter higher, which indicates the curvature of tone 2 
curve of intermediate group is lower than elementary group. Though the inflection 
point of tone 3 has determined the lower limit of this tonal scale, it does not reach 
the bottom line, as other counterpart do. In general, respect to elementary group, the 
subject of intermediate level pronounce much closer to general pattern as well as to 
Beijing Mandarin pronunciation.  
The 5-scale value of T1+X combination is shown as follow: 
 




55 T1 55 
55 T2 324 
55 T3 213 







Figure 27 T2+X of intermediate level 
 
Chart 36 Average T value of T2+X combination 
 
previous tone following tone 
timing 
point 
tone 2 tone 1 tone 2 tone 3 tone 4 
1 2.40 2.79 2.20 2.52 4.12 2.78 1.82 4.83 
2 2.32 2.70 2.06 2.34 3.91 2.63 1.20 4.65 
3 2.20 2.68 2.02 2.34 3.81 2.64 0.70 4.39 
4 2.17 2.66 2.03 2.44 3.82 2.67 0.19 3.98 
5 2.29 2.68 2.16 2.60 3.85 2.67 0.16 3.53 
6 2.52 2.88 2.35 2.86 3.95 2.74 0.89 3.07 
7 2.97 3.16 2.66 3.09 4.08 2.89 1.84 2.64 
8 3.30 3.50 3.03 3.32 4.20 3.09 2.67 2.35 
9 3.56 3.76 3.34 3.55 4.44 3.10 2.99 1.77 
Compared with elementary group and general data, tone 2 in previous position 
would be quite stable, which concentrates mainly in third and fourth scale. In T2+X 
group, major differences between elementary and intermediate group take place at 
following position. Regardless of an obvious concave contour tone, tone 1 remains 
as a steadily rising tone, from 4 to 5. For tone 2, a remarkable difference between 
two group has been shown. In intermediate group, the curvature of tone 2 is sharply 
reduced, which is quite approximant to tone 1 curve in general. From this point of 














and tone 2, although they belong separately to different tonal scale. For tone 3, the 
starting and inflection points emerge lower than elementary counterparts whereas 
the ending point a litter higher. Thus tone 3 in this group occupies larger space than 
elementary group.  
The 5-scale value of T2+X combination is shown as follow: 
 




34/334 T1 545 
34/334 T2 334 
34/334 T3 214 
34/334 T4 53 
------------------------------------------------------------------------------------------------------ 
 
Figure 28 T3+X of intermediate level 
 
 
Chart 38 Average T value of T3+X combination 
 
previous tone following tone 
timing 
point 
tone 3 tone 1 tone 2 tone 3 tone 4 














2 2.48 1.67 2.02 1.93 3.43 2.32 0.97 4.40 
3 2.27 1.45 1.93 1.76 3.39 2.24 0.55 3.98 
4 1.98 1.43 2.02 1.73 3.43 2.24 0.23 3.44 
5 1.80 1.60 2.07 1.76 3.47 2.29 0.00 2.85 
6 1.73 1.84 2.23 1.88 3.57 2.40 0.19 2.35 
7 1.80 2.17 2.88 1.99 3.66 2.56 1.07 2.01 
8 2.03 2.50 3.37 2.21 3.79 2.84 1.97 1.73 
9 2.21 2.81 3.71 2.42 3.85 3.13 2.92 1.58 
 
In terms of the previous position of tone 3, except tone 3 in T3+T3 combination, the 
major character in intermediate group is the shape of curves. Unlike the generally 
declining tone displayed in elementary group, in this group tone 3 curves are 
concave, which are also different from Beijing Mandarin. With respect to following 
position, tone 1 occupies one scale lower than elementary counterpart. Tone 2 
concentrates in the middle scale of the tonal range, occupies smaller range respect to 
elementary level. And the shapes of tone 1 and tone 2 are very similar to those in the 
following position of T2+X combination. The shape of tone 3 is generally the same 
as it in elementary level; but it occupies a little lower range.  
The 5-scale value of T3+X combination is shown as follow: 
 




323 T1 44 
23/223 T2 34/334 
324/34 T3 213 





Figure 29 T4+X of intermediate level 
 
 
Chart 40 Average T value of T4+X combination 
 
previous tone following tone 
timing 
point 
tone 4 tone 1 tone 2 tone 3 tone 4 
1 4.65 4.90 5.00 4.60 4.23 2.17 1.16 4.61 
2 4.49 4.62 4.85 4.43 4.08 1.96 0.94 4.49 
3 4.15 4.30 4.52 4.12 3.98 1.85 0.55 4.29 
4 3.75 3.87 4.08 3.72 3.90 1.87 0.71 3.99 
5 3.35 3.36 3.54 3.24 3.89 1.98 0.73 3.58 
6 2.98 2.83 3.04 2.75 3.88 2.10 1.03 3.16 
7 2.63 2.45 2.60 2.32 3.90 2.31 1.73 2.76 
8 2.39 2.16 2.21 1.92 3.92 2.61 2.70 2.42 
9 2.32 2.06 1.85 1.65 4.00 3.09 3.18 2.19 
 
In terms of tone 4 in previous position, the shape and trend are basically the same as 
those in general group, and display much steadily and concentrated than elementary 
level. For the following position, all of the curves are quite approximant to 
elementary except tone 3. According to figure, the curve of tone 3 is not as smooth 














pronunciation and has demonstrated again that tone 3 is the hardest tone to 
pronounce.   
The 5-scale value of T4+X combination is shown as follow: 
 




53 T1 545/54 
53 T2 324 
52 T3 214 
52 T4 53 
 
3.3.2.1.2.3 Disyllabic Combination of Advanced Level 
 
Figure 30 T1+X of advanced level 
 
 
Chart 42 Average T value of T1+X combination 
 
previous tone following tone 
timing 
point 
tone 1 tone 1 tone 2 tone 3 tone 4 
1 4.13 4.03 4.13 3.55 3.55 1.09 1.13 4.26 














3 4.04 3.95 4.05 3.51 3.34 1.01 0.04 3.88 
4 4.01 3.92 4.01 3.51 3.29 1.17 0.08 3.57 
5 4.01 3.90 3.98 3.51 3.23 1.46 0.30 3.14 
6 4.00 3.90 3.95 3.53 3.14 1.90 0.67 2.53 
7 3.97 3.90 3.93 3.56 3.06 2.54 1.46 1.93 
8 3.97 3.89 3.88 3.55 3.01 3.12 2.24 1.28 
9 3.91 3.85 3.81 3.52 2.97 3.57 2.87 0.69 
 
In advanced group, for tone 1 of previous position, except tone 1 of T1+T4, other 
three concentrate in the same area, which could be both recorded as 54. While tone 1 
of T1+T4, which is distributed as a smooth horizontal line, is located lower than 
other three. In the following position, tone 2 and tone 3 have been clearly 
distinguished, presented as monosyllabic tones instead of those in disyllabic context. 
Compared with Beijing Mandarin, although being presented the insufficient, this 
significant distinction is firstly appeared in our investigation, which does not emerge 
in both general, elementary and intermediate group. Compared with the previous 
three contrastive groups, all tonal curves in advanced group are smooth, especially at 
the inflection point part, which could be interpreted as the relative fluent 
pronunciation.   
The 5-scale value of T1+X combination is shown as follow: 
 




54 T1 43 
54 T2 24 
54 T3 213 




Figure 31 T2+X of advanced level 
 
 
Chart 44 Average T value of T2+X combination 
 
previous tone following tone 
timing 
point 
tone 2 tone 1 tone 2 tone 3 tone 4 
1 1.59 2.50 1.76 1.86 3.15 1.21 1.17 4.10 
2 1.60 2.46 1.70 1.81 3.16 1.06 0.53 3.86 
3 1.65 2.49 1.73 1.80 3.18 1.06 0.25 3.52 
4 1.76 2.54 1.81 1.82 3.22 1.20 0.13 3.04 
5 2.02 2.63 1.95 1.94 3.24 1.45 0.26 2.55 
6 2.17 2.77 2.12 2.08 3.26 1.84 0.56 2.04 
7 2.32 2.95 2.31 2.24 3.28 2.38 1.22 1.64 
8 2.44 3.07 2.51 2.47 3.28 2.87 1.92 1.30 
9 2.54 3.15 2.68 2.63 3.28 3.29 2.47 1.10 
 
Unlike the intricate distribution in elementary and intermediate groups, tone 2 in 
previous position of advanced level show a consistent trend. The only difference 
appears on the previous tone 2 in T2+T2 combination, which is located one scale 
lower than other three curves. In terms of four tones in following position, all of four 
tones have been clearly distinguished, which could also be perceived from subjects’ 














similar to monosyllabic counterparts in Beijing Mandarin. Compared with 
elementary and intermediate groups, tone 4 of advanced level has a lower ending 
point. 
The 5-scale value of T2+X combination is shown as follow: 
 




23 T1 44 
34 T2 24/224 
23 T3 213 




Figure 32 T3+X of advanced level 
 
 
Chart 46 Average T value of T3+X combination 
 
previous tone following tone 
timing 
point 
tone 3 tone 1 tone 2 tone 3 tone 4 














2 1.22 0.69 1.43 1.59 2.79 0.66 0.14 3.65 
3 1.05 0.52 1.49 1.50 2.73 0.76 0.00 3.32 
4 0.96 0.42 1.63 1.50 2.70 0.98 0.09 2.85 
5 0.89 0.44 1.88 1.52 2.74 1.24 0.29 2.39 
6 0.96 0.54 2.17 1.60 2.84 1.61 0.62 1.93 
7 1.13 0.66 2.41 1.69 2.99 2.15 1.13 1.61 
8 1.33 0.90 2.63 1.78 3.14 2.60 1.71 1.35 
9 1.52 1.20 2.76 1.86 3.34 2.96 2.12 1.20 
 
Except the previous tone 3 in T3+T3 combination, other three curves have 
distributed regularly from high to low, with the same tonal shape. Compared with 
other two contrastive groups, the curve of tone 3 simply resembles horizontal line, at 
least the curvature of curves is obviously small. To explain this phenomenon, we 
believe that as the speed of pronunciation being faster in disyllabic context respect to 
monosyllabic environment, the length of tone 3 has been shorten, so that the tonal 
curve is also simplified. With respect to the following position, all of four tones are 
located lower than counterparts of elementary and intermediate level. The fluent 
pronunciation and clearly distinct tonal curves are also remained in this group.  
The 5-scale value of T3+X combination is shown as follow: 
 




212 T1 34/334 
12/112 T2 13 
23 T3 113 





Figure 33 T4+X of advanced level 
 
 
Chart 48 Average T value of T4+X combination 
 
previous tone following tone 
timing 
point 
tone 4 tone 1 tone 2 tone 3 tone 4 
1 4.97 5.00 4.90 4.75 2.92 0.99 0.83 4.53 
2 4.74 4.89 4.67 4.49 2.86 0.96 0.51 4.38 
3 4.42 4.64 4.40 4.22 2.84 1.01 0.33 4.11 
4 4.07 4.31 4.00 3.94 2.85 1.10 0.30 3.73 
5 3.67 3.91 3.52 3.61 2.88 1.31 0.50 3.25 
6 3.28 3.43 3.10 3.33 2.94 1.67 0.92 2.69 
7 2.90 2.97 2.67 3.08 3.05 2.13 1.54 2.21 
8 2.55 2.52 2.27 2.82 3.21 2.58 2.29 1.73 
9 2.23 2.13 1.86 2.54 3.37 2.78 2.88 1.31 
 
Compared with the previous two groups, tone 4 in previous position keeps the 
steady trend. The only difference is their location: tone 4 in T4+T1 the highest, then 
in T4+T2, T4+T3, and the lowest T4+T4. For the following position, we could find 
that the shape of tone 2 and tone 3 does not present enough distinction, which means 
the major part of these two tones is overlapped. Combined with their pronouncing, 
the difference between two tones in this group could not been apparently perceived. 



















53 T1 34 
53 T2 13 
52 T3 113 
53 T4 52 
 
3.3.2.1.2.4 Summary 
After the discussion of pitch data of disyllabic tones with different groups and the 
comparison between general and different-group data, some rules could be 
discovered.  
Generally, first, the higher level group the subject belongs to, the smoother the curve 
would be presented, which indicates that subjects in higher group pronounce much 
more fluently than those in lower group.  
Second, no matter in which group, the presentation of tone 3 in disyllabic 
circumstance could not reach the standard, viz. Beijing Mandarin, which means that 
the complex contour tone 3 are not transformed to a simple contour under the 
condition of tonal length shortening. 
Among the few existing Tone Sandhi processes in Mandarin, Tone 3 Sandhi, is the 
most common. As we inferred in literature review, the T3 Sandhi rule turns a T3 on 
the first full syllable of a two-T3 sequence into a rising tone which is alike in 
phonetic shape to T2. If tone 3 is pronounced independently, it will always present 
as [214] (Chao’s result). However, in natural speech a final T3 need not be [214], but 
is often a mid-declining tone.81 (In Deng, Shi (2008), it always presents as [31])  
According to the investigation by Deng, Shi (2008), in Beijing Mandarin, tone 3 in 
previous syllable presents as [32] and in following syllable as [31] instead of [213] 
                                                 
81 Deng, Shi (2008: 60). 
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or [113]. This phenomenon could be interpreted that the majority of subject has 
pronounced tone 3 in disyllabic circumstance as an independent monosyllabic tone. 
The investigation on Spanish speaking learners and Italian speaking learners have 
also demonstrated this insufficiency. 
Third, tone 4 in Beijing Mandarin occupies a relatively short tonal range, generally 
two scale; whereas for Italian speakers, no matter in previous or following position, 
tone 4 occupies a wider range than that of Beijing Mandarin. Here, another function 
of tonal length shortening need to be put forward: besides transforming a complex 
contour tone into simple, it can also decline the pitch range of tones. But these two 
functions do not reflect on Italian speakers’ pronunciation.  
 
3.3.3 Disyllabic Tones in Sentential Circumstance 
Compared with the research of the tonal pattern of independent disyllabic words, 
little research has been carried out on tonal presentation of disyllabic words in 
sentential circumstance. One of the notable fruit is Deng, Shi (2008) “Pitch Analysis 
of Disyllabic Prosodic Word in Putonghua”. The authors discussed the tonal 
presentation of disyllabic prosodic word in natural speech and selected 400 
declarative sentences including disyllabic words as the stimuli from Chinese corpus. 
They indicated that in continuous natural speech, the tonal presentation of syllable 
would cause the complicated variation depending the different sentential position 
and contextual relation. And the changing rules as well as the tonal pattern per se 
would not be the same as those in laboratory sentences. In the end, tonal patterns 
have been concluded, which has clearly shown that compared with results of Chao 
(1968) and Duanmu (2007), tonal patterns of disyllabic word in natural speech 
display a quite different frame, that both in previous and in final position, tone 3 will 
not be presented as a full and independent tone which the latter part has always 
disappeared. At the same time, the relative tonal length has markedly shortened.  
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In this part, we tend to discuss the sentence-environment presentation of disyllabic 
tones. The stimuli selection and experimental principle have been described in 
3.2.1.1.1. Moreover, all of the stimuli sentences are created by the author of this 
paper, which are not selected from Chinese language corpus. And the experiment is 
carried out in laboratory. To avoid the cumbersome interpretation, the 
different-group discussion would be omitted and we will only discuss the general 
tonal pattern of disyllabic words in sentential circumstance.  
3.3.3.1 Discussion of General Tonal Patterns of Disyllabic Word in 
Sentential Circumstance 
As we have shown in part 3.3.2, the same statistical methodology will be adopted, so 
that the tonal pattern would be arranged in 5-scale space. The results will also be 
compared with those be pronounced independently in part 3.3.2. 
3.3.3.1.1 Combination T1+X 





















Chart 50 Average T value of T1+X combination 
 
previous tone following tone 
timing 
point 
tone 1 tone 1 tone 2 tone 3 tone 4 
1 3.64 3.78 4.01 3.91 3.91 1.65 3.55 4.31 
2 3.72 3.86 3.91 3.99 3.86 1.61 2.98 4.20 
3 3.75 3.91 3.90 4.07 3.85 1.67 2.18 4.09 
4 3.76 3.94 3.93 4.11 3.87 1.97 1.57 3.91 
5 3.80 3.96 3.98 4.13 3.87 2.28 1.14 3.55 
6 3.80 3.97 4.03 4.14 3.90 2.66 0.72 3.11 
7 3.82 3.97 4.04 4.11 3.90 3.01 0.29 2.66 
8 3.80 3.93 3.99 4.05 3.91 3.24 0.00 2.30 
9 3.72 3.90 3.87 4.08 3.83 3.38 0.16 1.82 
 
According to the statistical results, in terms of the previous tone, four tone 1 
concentrate at the highest scale, which is the same as the independent-pronouncing 
group. The only difference is the shape of these pan-horizontal line. Compared with 
the comparative group, the shape of these four tone 1 is slightly convex, which is 
more similar to Shi and Deng’s result. For the following tonal position, tone 1 keeps 
more steadily than counterparts, which is located completely at the fifth scale. Tone 
2 does not exist an initial concave, which could be found in comparative group. But 
with respect to Shi’s pattern, the independent-pronouncing result is much more 
similar to the standard Mandarin. The most prominent difference occurs in tone 3, 
which is presented similarly to Shi’s pattern. Tone 3 of following position in 
disyllabic word is shown as an incomplete tone which the second half has omitted. 
This tonal omission could be regarded as the remarkable feature of natural speech, 
that we could understand as due to the faster and more fluent pronunciation the tonal 
length will be shortened. For tone 4, the ending point is not as low as the 
comparative group, which is also close to natural speech.  
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The 5-scale value of T1+X combination is shown as follow: 




44 T1 44 
44 T2 24 
54 T3 41 
45 T4 52 
 
3.3.3.1.2 Combination T2+X 
Figure 35 T2+X 
 
 
Chart 52 Average T value of T2+X combination 
 
previous tone following tone 
timing 
point 
tone 2 tone 1 tone 2 tone 3 tone 4 
1 1.69 2.04 2.46 1.65 3.75 1.61 2.59 5.00 
2 1.71 1.98 2.48 1.61 3.71 1.63 2.09 4.89 
3 1.78 2.04 2.64 1.69 3.71 1.69 1.69 4.68 
4 2.00 2.23 2.78 1.84 3.72 1.80 1.33 4.54 














6 2.59 2.61 3.17 2.35 3.81 2.13 1.16 4.13 
7 2.86 2.92 3.42 2.64 3.85 2.32 1.06 3.51 
8 3.10 3.21 3.63 2.83 3.83 2.58 1.06 3.18 
9 3.27 3.38 3.72 3.10 3.81 2.63 1.23 2.78 
 
For the tones at previous position, with respect to independent-pronouncing group, 
the initial concave does not exist, and the tone 2 present as simple rising curves. But 
with respect to standard Mandarin, the result is not the case as those in this part. 
Moreover, the distribution of these four tones is not the same as the comparative 
group. In this group, tone 2 in T2+T3 combination occupies relatively higher than 
that in T2+T1, T2+T2 and T2+T4. Whereas in comparative group, the order is not as 
clear as in this group, which the second half of tone 2 in T2+T1, T2+T3 and T2+T4 
are tangly together. For the following position, tone 1 is no longer presented as a 
concave curve, but a steady line located at the fourth scale. The initial concave of 
tone 2 is also omitted as the counterpart in T1+X combination. And the tonal range 
has also narrowed from 3 scales to 2. In terms of tone 3, the same phenomenon, that 
the second half omission occurs, although it has not reached at the bottom as it in 
natural speech in Deng and Shi’s investigation. For tone 4, the tonal range is 
narrowed in Italian group, but it is much close to standard Mandarin.  
The 5-scale value of T2+X combination is shown as follow: 
 




24 T1 44 
34 T2 23 
24 T3 32 




3.3.3.1.3 Combination T3+X 
Figure 36 T3+X 
 
 
Chart 54 Average T value of T3+X combination 
 
previous tone following tone 
timing 
point 
tone 3 tone 1 tone 2 tone 3 tone 4 
1 1.87 2.16 1.61 2.42 3.80 1.49 2.58 3.81 
2 1.65 1.97 1.76 2.13 3.77 1.63 2.35 3.78 
3 1.31 1.74 2.09 1.91 3.75 1.97 2.09 3.71 
4 1.16 1.59 2.40 1.65 3.72 2.28 1.78 3.60 
5 1.18 1.21 2.84 1.39 3.72 2.63 1.45 3.47 
6 1.06 0.88 3.25 1.03 3.72 2.89 1.10 3.34 
7 0.88 0.72 3.54 0.70 3.77 3.15 0.74 3.15 
8 0.72 0.51 3.80 0.41 3.81 3.35 0.56 2.96 
9 0.34 0.39 3.92 0.36 3.81 3.46 0.16 2.83 
 
In T3+X group, as the discussion of previous parts, tone 3 of T3+T3 will be 
excepted because of the obvious tone sandhi from T3+T3 to T2+T3. For other tones, 
in previous position, they do not present as the concave tone with respect to 
independent-pronouncing group, but fairly simple declining tones. Compare with 














tonal range has also narrowed. For the following position, the concave character of 
tone 1, tone 2 and tone 3 has disappeared. And tone 4, in particular, has been 
narrowed into only two scales, which is quite approximated to standard counterpart.  
The 5-scale value of T3+X combination is shown as follow: 
 




21 T1 44 
31 T2 24 
24 T3 31 
31 T4 43 
 
3.3.3.1.4 Combination T4+X 






















Chart 56 Average T value of T4+X combination 
 
previous tone following tone 
timing 
point 
tone 4 tone 1 tone 2 tone 3 tone 4 
1 3.76 3.72 4.33 3.97 3.72 1.47 1.89 4.02 
2 3.62 3.64 4.10 3.87 3.62 1.43 1.84 3.92 
3 3.50 3.58 3.95 3.77 3.60 1.37 1.76 3.81 
4 3.32 3.39 3.77 3.64 3.62 1.39 1.61 3.67 
5 3.11 3.17 3.63 3.52 3.66 1.51 1.49 3.44 
6 2.84 3.01 3.48 3.40 3.72 1.74 1.33 3.20 
7 2.53 2.89 3.28 3.32 3.76 2.07 1.08 2.92 
8 2.21 2.74 3.02 3.21 3.77 2.28 0.79 2.61 
9 2.02 2.64 2.75 3.14 3.75 2.58 0.58 2.28 
 
Compared with both independent-pronouncing and standard Mandarin groups, the 
starting part of tone 4 of previous position do not determine the upper limit. And 
their tonal ranges have sharply narrowed, especially for tone 4 of previous position 
in T4+T4 combination has compressed to only one tonal scale, although running 
through all of the fourth scale. For the following position, as we discussed in 
previous parts, we could not find the concave feature of tone 1, tone 2 and tone 3. In 
terms of tone 3, the same phenomenon, that the second half omission occurs, and the 
ending point has determined the lower limit of this 5-scale range. Compared with 
independent-pronouncing group, this group shows a closer pattern to standard 
Mandarin comparative group.  
And finally, the 5-scale value of T4+X combination is shown as follow: 
 






43 T1 44 
43 T2 23 
53 T3 21 
44 T4 53 
3.3.3.1.5 Summary 
After the detailed comparison to both independent-pronouncing group and Shi’s 
results, some features of disyllabic tonal presentation in sentence-environment 
emerged.  
For both previous and following tones, tonal ranges of plane tone are reducing. 
Some tonal ranges have reduced one scale as tone 1 at previous position in T1+X 
combination, and some others have declined only apparently, which does not reach 
one degree, as tone 1 at following position in T1+X combination. For contour, tonal 
range has always narrowed, especially for tone 2 and tone 4. One of the extreme 
example occurs in tone 4 of previous position in T4+T4 combination, which has 
compressed to only one tonal scale. With respect to independent-pronouncing group, 
the corresponding tone 4 is [52], and to Shi’s result presented as [54]. The most 
prominent change appears in tone 3 at following position. In terms of the tonal shape, 
it has shown as an incomplete tone which the second half has omitted, which has 
demonstrated the conclusion in Duanmu 200782. It means that the final tone 3 is 
always [214], however, in natural speech a final tone 3 need not be [214], but is 
often [21]. Finally, the last difference between this group and Shi’s counterpart is 
that the final part of tone 3 curves in following position does not always reach at the 






                                                 




Chinese lexical tones and its variation are very complicated and difficult to learn. 
especially for Indo-European speakers. Because of the lack of lexical tones in the 
majority part of Indo-European languages, a new linguistic category is extremely 
difficult to build.  
Reflecting to our investigation, in perception part, for monosyllabic and disyllabic 
tones, the overall trend is that the higher level the subject belongs to, the higher 
accuracy will be shown. But for disyllabic tones in context, this trend has been 
broken, and the advanced level manifested worse than intermediate level.  
One of the most significant discovery in perception is the confusion of tone 2 and 
tone 3 by Italian Mandarin learners. We found that in monosyllable perception, the 
accuracy of tone 2/3 and tone 4/1 in intermediate group and tone 2/3 in advanced 
group show the relatively low accuracy than other counterparts. Whereas in the 
perception experiment of independent disyllabic word and disyllabic word in a 
sentence, the accuracy of tone 2+4/2+1, tone 3+1/3+2, tone 3+2/3+3, tone 3+4/3+1 
and tone 4+1/4+2 are slightly more than 50%, which are also lower than standard 
level. These phenomena have exactly verified the universal problem of tonal 
acquisition by non L1 Mandarin learners, that tone 2 and tone 3 are two main 
difficulties in the process of tonal acquisition. As we discussed in literature review, 
although acquisition difficulties manifest diversely in different language speakers, 
for example, in American learners, tone 3 tended to be pronounced as tone 2 and not 
the other way around, but in Spanish speakers’ investigation the result is just the 
opposite, that tone 3 scarcely produced as tone 2. Almost all the fruits point to tone 
2/tone 3 confusion. In the production part we also found the same result.  
In terms of production experiment, for monosyllabic part based on different-group 
discussion, we could conclude that subjects belong to higher level manifest better 
than those to lower level. But for disyllabic tones pronounced independently and in 
sentential circumstance, the situation becomes extremely complex. Although a 
unified conclusion could not have been easily achieved as we do in monosyllabic 
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part, the same difficulty we have concluded in perception experiment also emerges 
in production, that almost most of subjects produced tone 2 and tone 3 similarly 
except a few of subjects of advanced group. We could find that no matter in 
monosyllable group, or in disyllable groups, the tonal curve of tone 2 and tone 3 
display as a concave contour, instead of a generally rising curve in Mandarin 
pronunciation. And another phenomenon of tone 3 sandhi is also worth paying 
enough attention. In two disyllabic groups, tone 3 in previous position of disyllabic 
combination of T3+X does not produce as their proper sandhi in different tonal 
circumstance. In particular, in Beijing Mandarin, tone 3 in previous syllable presents 
generally as a mid-declining tone, recorded as [32] or [42], and a mid-rising tone 
recorded as [34] or [35] in T3+T3 combination. But in our investigation, most of 
subjects have produced previous-position tone 3 as a low-concave tone in previous 
situation, and a low-rising concave tone in following. This phenomenon could be 
interpreted that the majority of subjects have a tendency of pronouncing tone 3 in 
disyllabic circumstance as an independent monosyllabic tone. The investigation on 
Spanish speaking learners have also demonstrated this insufficiency. Therefore, this 
should be considered as an another point of tone 3 confusion on tonal acquisition. 
If we try to reflect the reason of why the general conclusion is difficult to achieve, 
from one point of view, we could believe that due to the individual difference, even 
in the same degree, subjects probably manifested the various of acquisition speed 
and quality; for example, subject CR has studied Mandarin Chinese from 2007 but 
just reached the elementary level; whereas FC reached the same level but has started 
his learning from 2015. So it would be quite natural to achieve the different 
experimental results. From another point, the motive of adopting the large-sample 
investigation tends to hunt out the generality of the theme we research, because 
theoretically the larger the sample we collect, the higher reliability it will reflect. 
Therefore, the further research with the subject number larger than 20 is worth 
promoting, although with respect to other researches on the acquisition of Mandarin 
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6.1  Word list for Perception Experiment 
Monosyllable (minimum pairs of tone, the target tone is written in italic) 
 
Group 1 (minimum pairs with the differences between tone 1 and tone 2) 
Pēn     pén               Mēn    mén             Zhū    zhú 
喷      盆                 闷     门               朱     竹 
Spurt   basin              stuffy   door             red    bamboo     
               
Group 2 (minimum pairs with the differences between tone 2 and tone 3) 
Hái     hǎi                lián    liǎn              zhí     zhǐ 
还      海                 连     脸               值     纸 
Still     sea                with   face             worth   paper 
 
Group 3 (minimum pairs with the differences between tone 3 and tone 4) 
Liǔ    liù                  diǎ3   diàn              hǔ     hù 
柳     六                  点     电               虎     护 
Willow  six                point  electricity          tiger   defend 
 
Group 4 (minimum pairs with the differences between tone 4 and tone 1) 
Jìng    jīng                 dì     dī                shì    shī 
静      惊                 地     低                是    失 






Disyllable (minimum pairs with the differences of tones on the second syllable) 
 
Group 1 (with the first syllable of each word in word pair tone 1. The target word is 
in italic)  
1+1/1+2:       ā chūn                  ā chún 
               阿春                   阿纯 
Chun(hypocoristic)      Chun(hypocoristic) 
 
1+2/1+3:         biānxié                biānxiě 
                 编鞋                  编写 
Woven straw sandals          compile 
 
1+3/1+4:        chuīpǎo               chuīpàor 
                 吹跑                吹泡儿 
Blow away            blow bubbles 
 
1+4/1+1:        jiāzhōng              jiāzhòng 
                加重                  家中 
Aggravate               at home 
 
 
Group 2 (with the first syllable of each word tone 2) 
2+1/2+2:         báiqiāng              bāiqiáng 
                  白枪                 白墙 
White gun            white wall 
 
2+2/2+3:         xuéxí                  xuéxǐ 
                 学习                  血洗 
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                 Learn                bloodbath 
 
2+3/2+4:         ménkǒu               ménkòu 
                  门口                  门扣 
Gate                  latch 
 
2+4/2+1:         chénshù               chénshū 
                  陈述                 陈书 
                 Declare               old book 
 
 
Group 3 (with the first syllable of each group tone 3) 
3+1/3+2:         biǎogē                biǎogé 
表哥                 表格 
Cousin                 form 
 
3+2/3+3:         wǔcháng               wǔchǎng 
                  五常                  舞场 
Five virtues             dance hall 
 
3+3/3+4:           fǎlǐ                     fǎlì 
                  法理                    法例 
Legal principle             legislation 
 
3+4/3+1:           tǔdì                    tǔdī 
                  土地                   土堤 




Group 4 (with the first syllable of each pair tone 4) 
4+1/4+2:         mùchuāng              mùchuáng 
木窗                   木床       
Wooden window           wooden bed 
 
4+2/4+3:          dàxié                  dàxiě 
                  大鞋                  大写 
Big shoe              capital form 
 
4+3/4+4:          dàolǐ                   dàolì 
道理                   倒立 
Reason                 handstand 
 
4+4/4+1:          shìjià                   shìjiā 
试驾                   世家 
Test drive              aristocratic family             
 
 
Sentence (the target word is underlined, the minimum pair is in italic) 
Group 1: (with the first syllable of each word in word pair tone 1 ) 
1+1/1+2   
1+1:  
我们     今天       将会      学到     “精深”    这个   词。 
Wǒmen  jīntiān     jiānghuì    xuédào    jīngshēn   zhègè   cí 
We      today       will       learn     profound   this   word 
“Today we will learn the word ‘profound’” 
1+2: 
我们     今天      将会       学到     “精神”    这个    词。 
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Wǒmen  jīntiān    jiānghuì     xuédào    jīngshén   zhègè    cí 
We      today      will        learn      spirit     this    word 





我们     今天     将会     学到   “支持”   这个    词。 
Wǒmen  jīntiān   jiānghuì   xuédào   zhīchí   zhègè    cí 
We      today     will      learn   support   this    word 
“Today we will learn the word ‘support’” 
1+3： 
我们     今天      将会      学到      “知耻”     这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào      zhīchǐ      zhègè   cí 
We      today      will       learn  feeling of shame   this   word 





我们     今天      将会      学到       “冰雪”     这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào      bīngxuě    zhègè     cí 
We      today      will       learn     ice and snow   this    word 
“Today we will learn the word ‘ice and snow’” 
1+4: 
我们     今天      将会      学到    “冰屑”     这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào   bīngxuè    zhègè    cí 
We      today      will       learn    ice flake    this    word 
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我们     今天     将会     学到    “抽搐”     这个    词。 
Wǒmen  jīntiān   jiānghuì   xuédào   chōuchù    zhègè    cí 
We      today     will      learn    cramp      this    word 
“Today we will learn the word ‘cramp’” 
1+1:  
我们     今天      将会       学到    “抽出”     这个     词。 
Wǒmen  jīntiān    jiānghuì     xuédào   chōuchū    zhègè     cí 
We      today      will       learn     take out     this     word 
“Today we will learn the word ‘take out’” 
 
 
Group 2 (with the first syllable of each word in word pair tone 2) 
2+1/2+2 
2+1: 
我们     今天      将会       学到    “连通”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   liántōng    zhègè    cí 
We      today      will        learn    connect     this    word 
“Today we will learn the word ‘connect’” 
2+2: 
我们     今天      将会       学到    “连同”    这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   liántóng   zhègè    cí 
We      today      will        learn     and      this    word 





我们      今天      将会       学到    “平凡”    这个    词。 
Wǒmen    jīntiān    jiānghuì    xuédào   píngfán   zhègè    cí 
We        today      will       learn     simple    this   word 
“Today we will learn the word ‘simple’” 
2+3: 
我们     今天      将会       学到    “平反”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   píngfǎn     zhègè    cí 
We      today      will        learn  rehabilitate    this    word 





我们     今天      将会       学到    “学好”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   xuéhǎo     zhègè    cí 
We      today      will        learn   learn well    this    word 
“Today we will learn the word ‘learn well’” 
2+4: 
我们     今天      将会       学到     “学号”      这个    词。 
Wǒmen  jīntiān     jiānghuì    xuédào    xuéhào      zhègè    cí 
We      today      will        learn  student number   this    word 







我们     今天      将会       学到    “国度”    这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   guódù     zhègè    cí 
We      today      will        learn    country    this    word 
“Today we will learn the word ‘country’” 
2+1: 
我们     今天      将会       学到    “国都”    这个    词。 
Wǒmen  jīntiān    jiānghuì      xuédào  guódū     zhègè    cí 
We      today      will        learn    capital     this    word 
“Today we will learn the word ‘capital’” 
 
 
Group 3 (with the first syllable of each word in word pair tone 3) 
3+1/3+2 
3+1: 
我们     今天       将会      学到    “北方”    这个    词。 
Wǒmen  jīntiān      jiānghuì   xuédào   běifāng    zhègè    cí 
We      today       will       learn     north     this    word 
“Today we will learn the word ‘north’” 
3+2: 
我们     今天      将会       学到   “ 北房”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào    běifáng     zhègè   cí 
We      today      will       learn    north room    this    word 





我们     今天      将会       学到    “老壶”    这个    词。 
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Wǒmen  jīntiān    jiānghuì     xuédào    lǎohú    zhègè    cí 
We      today      will        learn   old teapot   this    word 
“Today we will learn the word ‘old teapot’” 
3+3: 
我们     今天      将会       学到   “老虎”    这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   lǎohǔ    zhègè    cí 
We      today      will        learn    tiger     this    word 





我们     今天      将会       学到      “洗脸”    这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào     xǐliǎn     zhègè    cí 
We      today      will       learn   wash the face   this    word 
“Today we will learn the word ‘wash the face’” 
3+4: 
我们     今天      将会      学到    “洗练”    这个    词。 
Wǒmen  jīntiān     jiānghuì    xuédào  xǐliàn     zhègè    cí 
We      today      will       learn    concise    this    word 





我们     今天      将会       学到    “首度”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   shǒudū     zhègè    cí 
We      today      will        learn     firstly     this    word 
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“Today we will learn the word ‘firstly’” 
3+1: 
我们     今天      将会       学到    “首都”     这个   词。 
Wǒmen  jīntiān    jiānghuì      xuédào  shǒudù     zhègè   cí 
We      today      will        learn    capital     this   word 
“Today we will learn the word ‘capital’” 
 
 
Group 4 (with the first syllable of each word in word pair tone 4) 
4+1/4+2 
4+1: 
我们     今天      将会       学到    “大方”    这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   dàfāng     zhègè    cí 
We      today      will        learn   generous    this    word 
“Today we will learn the word ‘generous’” 
4+2: 
我们     今天      将会       学到     “大房”    这个    词。 
Wǒmen  jīntiān     jiānghuì     xuédào   dàfáng    zhègè    cí 
We      today      will        learn    big house   this    word 





我们     今天      将会      学到    “化学”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   huàxué    zhègè    cí 
We      today      will       learn    chemistry   this    word 




我们     今天      将会       学到     “化雪”      这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào    huàxuě     zhègè     cí 
We      today      will        learn   snow-melting   this    word 





我们     今天      将会       学到   “道理”   这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào   dàolǐ   zhègè    cí 
We      today      will        learn   reason   this    word 
“Today we will learn the word ‘reason’” 
4+4: 
我们     今天      将会       学到    “倒立”     这个    词。 
Wǒmen  jīntiān    jiānghuì     xuédào    dàolì     zhègè     cí 
We      today      will        learn   handstand    this    word 





我们     今天      将会       学到     “大道”     这个    词。 
Wǒmen  jīntiān     jiānghuì    xuédào    dàdāo      zhègè    cí 
We      today      will        learn      way       this    word 
“Today we will learn the word ‘way’” 
4+1: 
我们     今天      将会       学到     “大刀”    这个   词。 
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Wǒmen  jīntiān    jiānghuì     xuédào    dàdào    zhègè   cí 
We      today      will        learn   broadsword  this   word 




























6.2  Answering Sheet of Perception Experiment 
FOGLIO DELLE RISPOSTE DI PERCEZIONE 
Nome e Cognome                              Età          Sesso    
 
1. Monosillabe 
In questa parte, sentirai qualche coppia MONOSILLABICA di foni diversi. Devi 
scegliere la sillaba target. C’è una pausa di DUE secondi tra due coppie. Leggerò 
ogni coppia DUE volte. Per esempio:  
La PRIMA volta:“pǔ, pù. La parola è pù.” 
La SECONDA volta:“pǔ, pù. La parola è pù.” 














In questa parte, sentirai qualche coppia con due parole BISILLABICHE. Devi 
scegliere la sillaba target. C’è una pausa di DUE secondi tra due coppie. Leggerò 
ogni coppia DUE volte. Per esempio:  
La PRIMA volta:“huáng huā, huáng huá. La parola è huáng huā.”  
La SECONDA volta:“huáng huā, huáng huá. La parola è huáng huā.” 
 X 
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In questa parte sentirai qualche coppia di frase in cui include le parole con i toni 
diversi. Le parole relative si trovano nella stessa posizione in ogni frase. La struttura 
di ogni frase è UGUALE. Devi scegliere la frase con la parola target.  C’è una 
pausa di DUE secondi tra ogni coppie e UNO secondo tra due volte. Leggerò ogni 
coppia DUE volte e leggo SOLO la frase cinese. Per esempio: 
La PRIMA volta: 
-“Wǒmen  jīntiān  jiāng huì  xué dào     ‘sù dì’      zhè gě    cí.” 
Noi    oggi   saremo   imparare‘sù dì’(express)   questa  parola 
Oggi impareremo la parola ‘sù dì’. 
-“Wǒmen  jīntiān  jiāng huì  xué dào     ‘sù dí’            zhè gě    cí.” 
Noi      oggi   saremo  imparare ‘sù dí’(vecchio nemico)  questa  parola 
Oggi impareremo la parola ‘sù dí’. 
X  
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-  La parola è ‘sù dì’. 
 
La SECONDA volta: 
-“Wǒmen  jīntiān  jiāng huì  xué dào      ‘sù dì’     zhè gě    cí.” 
Noi      oggi   saremo   imparare ‘sù dì’(express)  questa  parola 
Oggi impareremo la parola ‘sù dì’. 
-“Wǒmen  jīntiān  jiāng huì  xué dào      ‘sù dí’          zhè gě    cí.” 
Noi      oggi   saremo   imparare ‘sù dí’(vecchio nemico) questa  parola 
Oggi impareremo la parola ‘sù dí’. 
-  La parola è ‘sù dì’. 
Quindi la risposta è la prima.  
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6.3  Answering Sheet of Production Experiment 
LISTA DELLA PARTE DI PRODUZIONE 
Nome e Cognome                               Età            Sesso 
 
1. Monosillabe 
In questa parte leggete ogni sillaba DUE volte. E’meglio di tenere una pausa di UN 
secondo tra due volte 
guā     bā     mā     zhā      cā   
瓜     八     妈      扎      擦 
(melone)  (otto)  (madre) (pungere) (fregare) 
 
huá      bá     má     zhá       dá 
华      拔     麻      炸       答 
(cinese)  (trarre)  (lino)  (friggere) (rispondere) 
 
guǎ      bǎ      mǎ      shǎ     dǎ 
寡      把      马      傻      打 
(poco)   (mazzo) (cavallo)  (stupido) (battere) 
 
guà        bà       mà      shà      dà 
挂        爸       骂       煞      大 
(appendere)  (padre)   (insultare)  (molto)  (grande) 
 
2. Bisillabe 
In questa parte leggete ogni parola DUE volte. E’meglio di tenere una pausa di UN 
secondo tra due volte 
 
Pī fā        fēng shā       pī dá        tiān yá 
批发         风沙         批答         天涯 
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(vendita all'ingrosso)  (sabbia)    (rispondere)    (orizzonte) 
 
Tiān tǎ       zhā dǎ            zhēn là         tīng huà 
天塔         渣打              真腊           听话 
(torre)   (Standard Chartered)  (regno di Chenla)  (obbediente) 
 
Mén dīng     tián chōng    liú shén    tí xié 
门钉         填充       留神     提携 
(borchia di porta)  (riempire)  (attendere)  (aiutare) 
 
Méi chǎng       cái jiǎn    suí xìng    hóng yàn 
煤厂          裁剪      随性       鸿雁 
(fabbrica di carbone)  (tagliare)  (naturale)  (oca selvaggia) 
 
Měi tiān    tiě dīng      cǎi hé         pǔ chá 
每天       铁钉       采荷          普查 
(ogni giorno)  (chiodo)  (prendere il loto)  (sondaggio) 
 
Měi hǎo  huǎn jiě          sǐ zhàn            zhǔ fàn 
美好    缓解            死战              煮饭 
(bello)  (alleviare)  (combattere fino alla morta)  (cuocere) 
 
Jìng xīn            xià shān           shì hé    diào chá 
静心               下山            适合      调查 
(tranquillizzare)  (scendere dalla montagna)  (proprio)  (indagine) 
 
Zì jǐ      hào mǎ   guò qù   shàng jìn 
自己      号码     过去     上进 





In questa parte leggete ogni frase DUE volte. NON leggete la traduzione inglese. 
E’meglio di tenere una pausa di UN secondo tra due volte 
 
我们     今天      将会       学到    “今天”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    jīntiān    zhège    cí 
noi      oggi    essere-FUT  imparare    oggi     questa   parola 
“Oggi impareremo la parola ‘oggi’.”’ 
 
我们     今天      将会       学到    “森林”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào     sēnlín   zhège    cí 
                                      Bosco 
 
我们     今天      将会       学到    “精彩”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    jīngcǎi    zhège    cí 
                                    meraviglioso 
 
我们     今天      将会       学到    “知道”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    zhīdào    zhège   cí 
                                      sapere 
 
我们     今天      将会       学到    “明天”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào   míngtiān   zhège    cí 
                                      domani 
 
我们     今天      将会       学到    “学习”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào     xuéxí    zhège    cí 
                                      imparare 
 
我们     今天      将会       学到    “提醒”   这个    词。 
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Wǒmen  jīntiān    jiānghuì    xuédào     tíxǐng    zhège   cí 
                                     far ricordare 
 
我们     今天      将会       学到    “陈述”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    chénshù   zhège   cí 
                                      dichiarare 
 
我们     今天      将会       学到    “每天”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    měitiān   zhège    cí 
                                    ogni giorno 
 
我们     今天      将会       学到    “早晨”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    zǎochén  zhège    cí 
                                      mattina 
 
我们     今天      将会       学到    “美好”   这个    词。 
Wǒmen  jīntiān    jiānghuì    xuédào    měihǎo   zhège    cí 
                                      bello 
